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ABSTRACT 
The present research work is an interdisciplinary study of Civil Engineering 
Construction and Business Management. When entire construction activity, is performed 
in an organised manner by applying principles of project management techniques, it 
would result in the highest possible efficiency. With this objective in mind, the present 
interdisciplinary research has been taken up. 
The entire research work discusses technical as well as managerial features of 
under mentioned nine stages of construction activity. 
1. Project Definition 
2. Preliminary Planning 
3. Hiring of Human Resource 
4. Project Design and Development 
5. Procurement of Material 
6. Project Construction or Implementation 
7. Project Completion 
8. Project Commissioning 
9. Winding Up or Divestment 
After discussing techno-economic feature, an attempt has been made to optimise 
the construction activity at each and every stage. 
On the basis of professional experience scholar has discovered that books and 
papers available in the present body of knowledge discuss only one aspect of the problem 
i.e. only technical or only managerial or commercial. 
If we go through the books related with civil engineering design the word, 
"COST" is very much missing. In the books of structural optimisation, only optimisation 
of structural system is discussed that is too in mathematical terms, usually ignoring field 
conditions. 
In books on operational research emphasis is on production part only. On 
examination of cost engineering and cost accounting books, one discovers that only 
commercial aspect has been discussed. 
Scholar has discovered that not a single book covering technical as well as cost 
aspect of optimisation of civil engineering construction is available in the present stock of 
knowledge. In the present work scholar has tried to fill up this gap. 
The present work is aggregation of knowledge scattered in different books and 
journals. This aggregation of knowledge has been further reinforced with scholar's 
technical and managerial experience of construction practice and consultancy rendered in 
last twenty years. The data used in present work to support the study is secondary in 
nature to fulfil the following objectives. 
1. To discover the area or various aspects of construction which affects costs and 
needs thorough investigation. 
2. To discover total picture of construction industry in India. 
3. To compile a document or a handbook which engineers, managers and layman 
also can use in reducing cost of construction. 
4. To discover pitfalls in construction business and to discover causes for the failure 
of business. 
5. Lastly, to present a philosophy or guidelines or model for those who want to earn 
maximum profit from construction business. 
The cost optimization is a generalized concept. It has versatile application in all 
walks of life, involving cost. The application of cost optimisation, in construction activity 
in India has been realized in recent years due to global competition in infrastructure 
development. 
First chapter begins with the profile of construction industry. It points that 
construction industry is one of the oldest industries providing ample employment to the 
people from village level to metropolitan cities. The size of construction industry ranges 
from small company owned by one or two individuals to a large industry employing 
thousand of people. 
In the present work inherent nature of construction industry has been discussed 
and concluded that it is infrastructure or capital formation industry, which directly and 
indirectly uses capital goods and all other types of resources. 
It has been also highlighted that government agencies has direct interference in 
construction activity right from acquisition of land to commissioning of project and ways 
have been suggested to deal them. 
To face the temporal variation of feast and famine state of business in construction 
industry, emphasis on systematized management has been suggested. 
Like any other business, failure of construction companies is also very common. 
This issue has also been investigated. Incompetence, lack of experience, newness, 
smallness and financial handicap are the few reasons cited for such failures. 
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It has been concluded that lessons should be learnt from failures as success is 
never final and failure is never fatal. It is the courage of management that counts. At last 
it is not failure but low aim is a crime. 
In second chapter, light has been thrown on the understanding of the inherent 
nature of construction project and project management technique specific to construction 
project has been highlighted. 
It has been pointed out that utility of construction project can not be assessed only on the 
basis of cost benefit ratio alone. It needs Social Cost Benefit Analysis (SCBA) approach 
for the rational evaluation of the project as it has become necessary for securing loans 
from international funding agencies like World Bank. 
At the end of the chapter, a list of project management software has also been given with 
comments. 
Third chapter is devoted to concepts of cost. The concept of cost has been 
thoroughly discussed beyond the scope of direct material, direct labour, overheads and 
indirect cost. 
The theoretical and practical implications, for all the stages of construction 
activity has been looked into, to reduce cost over runs by any means. It also discusses 
accuracy of estimate, performance indicators and variance. Once the phenomenon of cost 
is well understood, only then one can think of cost reduction. Finally it has been observed 
that estimate is an opinion, price is a policy and cost is a fact 
Theory of mathematical optimisation has also been given due place in the text 
because theory looks behind the curtain where human eye is unable to see. It has been 
concluded that physical interpretation of the optimisation result is necessary without 
which result is not of much use. 
Fourth chapter is broadly based on literature survey. It discusses inherent nature of 
research in general, managerial research and research methodology in particular. It 
emphasises need and utility of managerial knowledge as industrial and business activity 
have achieved unprecedented growth in the second half of the 20"^  century. One of the 
reasons is, advances in information technology. The use of computer has changed the 
approach to manage the things. So large organization cannot be managed without 
knowledge. In the present work it has been suggested, that acquisition of knowledge 
should be permanent feature for the managers of today but they should always remember 
that epistemology of management is approximate. A thorough literature review has been 
given in the text to know what is available in the present stock of knowledge. Secondary 
data has been used in the present study. 
In fifth chapter, need of cost consciousness at each and every stage of project; 
design, development and implementation has been emphasised. 
Key human resource like architect, engineers and consultant play vital role in 
optimal design. This issue related with key design persons has been discussed in detail. It 
has been concluded that consultation fee of the consultants adds to sunk cost of the 
project yet it has to be reconciled as wrong decision at early stage will have multiplier 
effect. 
Specifications need thorough analysis as over specification is a continuous hidden 
drain and under specification has disastrous effect. A thorough investigation of the issue 
has been done and it is recommended that specification should be most balanced, rational 
and appropriate. 
Construction activity is basically a manufacturing activity. So it is recommended 
that principle of operational research should be applied as much as possible. 
Implementation stage of the project is the most critical phase in the life cycle of 
the project. During this period, company suffers loss or earns profit. In this stage every 
day monitoiing should be done to rectify deviations. 
CPM is still most suitable network technique for the construction project. A list of 
project management software has been given. The manual handling of network is limited 
to small projects only. Big projects cannot be handled without computer but to have a feel 
of network analysis, user has to do few networks by hand computation. 
Sixth chapter is about cost effective management of fixed assets i.e. land 
,building, equipment and machinerj' along with building economics. 
Site selection and purchase of land is an important stage in life of an individual or 
company or country as sometimes it involves savings of entire life or big capital outlay. 
Sometimes ecological and environmental awareness, social acceptability, complex 
legal processes and multiple plan reviews by various regulatory agencies, can reduce the 
efficiency of working team leading to delays in the start of the project. 
To deal with such situation, a systematised approach has been suggested to 
simplify decision making process. This is necessary as a wrong decision at initial stage 
will affect continuing series of inter-related developments throughout the design process 
or in brief it will have multiplier effect. 
Economics of planning directly affects the cost of the building. The square plan is 
the cheapest feasible plan. A detailed account has been given to optimise the cost of the 
building. Golden section approach has been suggested for the suitable plot sizes. 
For the roof treatment MudPhaska, has been in practice in India for last so many 
years. Scholar on the basis of his professional experience rejects this very technique and 
has suggested brick ballast with neat cement finish as the optimal solution of roof 
treatment. This theory is further discarded that presence of mud on the terrace reduces 
inside temperature of the building. It is also recommended that inside temperature should 
always be taken 2 C° less than the outside temperature for designing the air conditioning 
system of the building. 
Seventh chapter deals with various aspects of cost effective methods of 
purchasing of material or the materials management techniques needed for the 
construction project. 
Purchasing of construction equipment is a critical decision as it involves huge sum 
of money and equipment depreciates quickly. Operating characteristics, engineering 
features, useful life, ease of maintenance and repair are few factors, which must be 
considered in selection of the brand of the equipment. 
For accounting purposes it should be treated as non-current asset and its 
productivity should be judged by life cycle casting. 
If a piece of used equipment can serve the purpose technically and on the analysis 
of pay back or return on investment reveals that a new machine happens to be not useful 
in terms of finances availability and economic use, then, it is a better buy than a new 
machine 
The present study concludes that groundwork is necessary in ever}' purchase done. 
In Indian market, as there is no dearth of cheats and thugs in the market. This groundwork 
is necessary as radical changes are being done in equipments by taking the advantage of 
improved hydraulics, electronics, chip technology and computerised Control systems. This 
makes decision making difficult. 
In any construction, material cost ranges between 60 and 70 percent, of total 
construction cost. So materials management activity needs thorough investigation, firstly 
at technical level and secondly at managerial level, only then materials management 
activity can be optimised. Every rupee saved in purchasing is a new rupee of profit. 
Therefore, the group involved in procurement, distribution and logistics of material has 
the responsibility to reduce the total material cost. Any cost control mechanism can work 
in totality only. Inefficient materials management is a direct loss, which cannot be 
discovered in cost accounting records of the firm. 
In the parlance of everyday life quality means intrinsic excellence of material but 
in industrial use quality means suitability of material for specific purpose with lowest 
possible cost. Therefore, in industrial purchasing, quality comes first, price comes next or 
in other words quality determines the price. 
Material is the lifeblood of construction. Right material should be procured at 
right time, in right quantity, at right place, at right price. In the field of construction, 
fixation of most appropriate quality for specific structure is really a difficult task as most 
of the materials are natural materials. So it has been suggested that relevant IS code 
should always be referred. It has been also concluded that all the properties of 
construction material cannot be quantified by immediate physical and chemical tests. The 
performance of such materials can be predicted by past experience and historical facts 
only. 
Price of the material ordinarily depends on the market condition. Procurement of 
material at right price, which suits to both buyer and seller, is essential for the buyer 
company. The study reveals that evaluation of right price must be done in consonance of 
total circumstances surrounding a specific purchase at a specific point of time. 
In construction industry materials manager operates in a sort of pure competitive 
market where forces of demand and supply alone govern the price. For bargaining, it is 
necessary to know margin of profit on a particular product, a seller earns. 
The skill of price estimation is a science as well as an art. What is needed, a little 
wisdom and knowledge of different materials and processes and a knack of cost 
accounting. 
In selecting a supplier, competitive pricing, reliable quality, timely deliver) and 
good technical service should be the prime criteria. It has been suggested that company 
should always try to maintain a symbiotic relationship with supplier as it has real capital 
value, which is noticed during periods of short supply. 
Too often buyers feel that consummating a contract with a carefully selected 
supplier ends their major responsibility but in case of construction material in India, 
scholar reports his experience that supplier should always be looked upon with suspicion, 
as suppliers are not much interested in maintaining a very long-term relationship. The 
buyer should always search for new and better supplier and should always keep an 
alternate supplier in his pocket. 
In present study, critical analysis of purchasing has been done and advice has been 
given to novice also. If the purchaser is novice then buyer can request to seller to submit a 
cost break up along with quotation at the time of negotiation. The simplest way to obtain 
such break up is inclusion of clause "quotations without cost break up will not be 
considered". This is necessary to arrive at a price, which is reasonable and acceptable to 
both parties. A poorly equipped buyer in the field of cost concepts, hardly exploits price 
negotiation to its fullest potential. However, to pay higher profit margin for truly 
distinctive product is a good buying while paying higher profit margins for competitive 
product is a poor buying such precedents reflect a lack of fundamental purchasing 
analysis. After considering purchasing activity in totality, a buyer should try to purchase 
at prices as close as possible to the bottom of the estimated price range. Moreover, buyer 
should always explore possibility of various discounts. 
In present study, due emphasis has been given on quality of raw material. Quality 
of raw material and performance of external suppliers have dirept impact on the quality of 
product produced by the company. Conversion of raw material into a usable finished 
product involves, network of activities of different nature. A superb quality is possible 
when each activity is done in best possible manner. 
Light has also been thrown on logistics of material. Physical inspection of 
material is needed to control the quality. In construction, inspection should be done while 
material is being unloaded because of weight and volume of the material, it becomes 
really trouble some to send back the defective material when delivered, in every 
purchasing contract, clause for delivery, return of defective material should be included. 
Penalties and deductions in payments should be explicitly written and told in advance in 
every purchasing contract. 
Thus defective, unacceptable material should be detected as early as possible; 
otherwise supplier may misinterpret an order or a specification. At last frequently 
encountered ship shod or dishonest supplier may cut comers, jeopardizing the quality of 
construction. In all cases it is less costly to detect defective material at the initial stages 
rather than after its consumption. 
It has been suggested that inspection of material should be done by methods of 
attributes. The supplier should be informed in advance about the procedure of inspection. 
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Buyer Company should always try for the reduction in inspection cost by suitable means 
as inspection cost adds to Sunk cost of the product. 
A sound inventory management is necessary to reduce the investment in 
inventory. Inventory catalogue must be prepared with utmost care as inventory cost 
always encroaches profit. Today professional managerial skills are needed to control 
inventory, as sometimes inventory constitute 15 to 25 percent of its invested capital. Just 
In Time (JIT) manufacturing is the practice, basically developed for reducing production 
inventories. Therefore, it is suggested that prefabrication and JIT should be practised in 
construction activity too. 
On Sundays and holidays one should avoid purchasing of building material in 
local market as on these days demands are more and prices are high. A keen observation 
and analysis of market condition are essential for good purchasing. This is the insight of 
purchaser which guides hand to mouth, forward and speculative buying. 
Value analysis has also been discussed in the present work. Value analysis of 
product should be a regular feature of purchasing department. Value analysis always 
requires participation of persons from different background. 
Purchasing department sometimes confronts with the problem of "Make or Buy'. 
Study concludes that, there is no straightforward rule exists for make or buy decision. 
Analysis of historical cost, review of present economic and labour considerations decide 
make or buy decisions with the sole objective of saving in cost., 
Warehousing and store management or dumping of construction material at right 
place is essential for cost saving, safety and to have check on pilferage. An efficient store 
operation saves attendant cost in price, in paper work and in material handling. 
The specific responsibility of store's function is to inspect, identify and receive the 
material only when found suitable. A capable person who can take decision should 
always supervise receiving operation. It is suggested that five minutes of inspection can 
save hours for rectification. Material received should always be placed at marked proper 
location and records should also be updated. 
Eighth chapter is about cost optimisation of human resource management in 
construction industry. It discusses importance of labour economics and personnel 
management both for construction industry. 
In construction activity also labour acts as a factor of production. The cost of 
labour in ordinary residential construction amounts to around 30 percent of cost of the 
building. Thus knowledge of labour economics is essential for the wage optimisation. 
In present study it has been reported that, in construction industry, labour market 
has characteristics similar to competitive market. 
Every construction manager faces labour shortage during harvesting period of 
April and May. It is obligatory upon him to schedule construction activity accordingly. 
In present work advice has been given to construction manager that any deviation 
from minimum wage policy is direct violation of the law of the land. Money given in 
advance to any labourer and work being taken as repay, amounts to bonded labour which 
is an offence and cannot be ignored in the eyes of law. 
Construction manager should not offer any opportimity for the activation of labour 
union and trade union. 
It is further suggested that company should run incentive and welfare programmes 
to motivate the employees. Education, training and skill development should be the 
regular feature of the human resource maintenance. 
What scholar has found that there is no readymade .solution to tackle labour 
management conflict. It is the wisdom of manager who formulates the solution. 
Employees should be always treated as an asset not a liability. In dealing with the human 
resources one should not forget that man will not be happy just with bread and butter. 
Studies have shown that beyond a certain point productivity depends only on people. 
In Indian context influence of behavioural feeling, emotions, empathetic 
perceptions, impressions have greater influence over people than anything else. 
In present study it has been said that HR policy of the company should attempt to 
make a balance between boss and sub-ordinate relationship. Healthy uniform, transparent 
policies should be rendered at all levels of organisation for higher productivity and 
growth of the organisation to meet the challenges of 21st century. HRM strategies have to 
focus on better individual organization interface and greater emphasis on organizational 
effectiveness rather than on personal success. 
The head of the business organisation must check that people in the organization 
are the right men for right job. 
HRP should act as interface between a large range of external organizational 
factors and specific personnel policy. A company should try for symbiotic relationship 
10 
with employees rather than a commercial relationship. Need forecasting for human 
resource is an important part of HRP, as training of personnel has substantial cost. 
Assessment of performance should be done on specific job rather than overall 
personality. Right talent is always in short supply. Therefore individual career 
development should be given greater importance. Full utilization and retention of talent 
should be preferred over external recruitment. It is suggested that HRP should develop 
every individual talent to its foil potential and should arrange opportunities in which he 
fits best. However prospects of individual career development, largely rests with the 
employee himself Companies must learn to manage employees career especially of 
managers of high expectations, on the other hand companies should offer voluntary 
retirement schemes for employees facing retirement or desirous of career change. 
It is also emphasised that today the most fragile, living and critical asset in 
business enterprises is the human resource. This is the quality of human resource, which 
differentiates between a profit making and loss giving company! 
The role of human resource is to help management in optimising the use of 
material resources. Therefore, presence of right people, at right place, at right time is 
necessary to obviate the failures of company's strategic plan. Therefore, a continuous 
monitoring of human resource is necessary. 
The issue of surplus manpower in organization has also been addressed. This 
problem is much more serious than the foture manpower planning. This problem should 
be tackled very cautiously. The solution to such problem is redeployment in the form of 
transfer or long-term orientation or training or retrenchment or attrition. Even, care 
should be taken to avoid industrial disputes and distaste, such situations are not desirable 
for business activity at all. 
A good human resource management is essential for the success of project. A 
project should not be considered only as a technical entity. But study reveals that human 
side of the construction project has not received due weightage. It is unfortunate that 
Human Resource Management in the context of construction project is still very 
elementary in India. 
Ninth chapter is about cost optimisation in maintenance and upkeep. Today 
because of complexity of equipment, material and the cost involved, in the maintenance 
activity has received paramount importance in pursuit of increasing economic life or 
reducing life cycle cost of capital equipments. 
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Maintenance practice has two orientation one is managerial which is concerned 
with the cost of maintenance and cost of loss in production caused by poorly or ill 
maintained machines. 
It is pointed out in present study that preventive maintenance is a cheap insurance 
for breakdown maintenance as well as time and cost saving method for corrective 
maintenance also. 
Proper lubrication of mechanical equipment is a must to avoid wear and tear of the 
parts. This should be the duty of maintenance group to provide information to operators, 
on specification and the doses of lubricants and explain them procedures and practices of 
lubrication and the inspection. 
Scholar realises that fixation of size of maintenance crew is also a matter of 
concern. To have a realistic estimate, amount for maintenance should be taken as a certain 
percentage of investment in machinery. The annual cost of maintenance may range 
between 3 and 5 percent of investment in tools, plants and machinery. However, 
maintenance cost of building may run between 3 and 8 percent depending on type, size 
and use of the building. The labour cost may alone vary between 30 and 50 percent of 
total maintenance cost. It is suggested that sinking fund should be generated for 
maintenance of building etc. 
Scholar has suggested that on smaller project a few maintenance men who are 
jack-of-all-trades can be appointed without any problem. While in larger project, separate 
shops may be set up for each craft. 
Supervision is also an important part of the maintenance programme. It is 
obligatory upon the supervisors to train the craftsmen to save time for fixture planning and 
to improve the efficiency of the maintenance shop. 
The scholar experience is that competence of foreman and craftsmen plays an 
important role in achieving the objective of low cost and high productivity at all levels of 
maintenance. 
Diversified experience and competence should be the main criteria for the 
selection of foreman and craftsmen. In scholar's opinion the fore most quality to be 
judged in any candidate are 'the desire to learn, attitude towards cost consciousness and 
acceptability to new ideas. 
Effectiveness of preventive maintenance can be judged by counting the number of 
breakdowns. Preventive maintenance gives many returns if programme is run properly. 
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To make preventive maintenance programme a success: it is necessary to inculcate the 
value "preventive maintenance is the duty of every body". 
Scholar feels that in technical jobs, field training is more important tlian merely 
educating the people. So maintenance inspectors should be thoroughly trained about the 
parts, which are to be inspected during inspection and decide, what to inspect, when to 
inspect and how to inspect. Sometimes if has been observed that craftsmen who regularly 
maintain the equipment are, many a times better inspectors than the manufacturers. 
Service manuals received from the manufacturers must always be referred to, critical 
parts must be noted dovm and purchased along with purchase of new equipment. 
A checklist should be prepared. Preventive maintenance manager must make sure 
that no item needing inspection is omitted. But at the same time he must be careful that 
inspection costs do not get inflated through needless checks and tests. Checklist should be 
revised on the basis of experience gained.Too much unscheduled work means, lack of 
preventive maintenance. 
The frequency of inspection depends on amount of costs and saving from a 
preventive maintenance programme. Over inspection is expensive and under inspection 
leads to more breakdowns and quicker replacement. In this situation it has been suggested 
that only experience can give an optimal solution to preventive maintenance programme. 
In spite of all complexities preventive maintenance remains an affective tool of 
maintenance management. Experience and development of new procedures make 
preventive maintenance administration easier. The executive, administering preventive 
maintenance must be technically skilled to highest level and should be a good manager as 
well. 
The research work ends b}' suggesting following optimised model of construction 
company. 
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SIZE AND SPECIALITY OF THE COMPANY i 
SEARCH FOR OPPORTUNITY 
OPPORTUNITIES AVAILABLE 
OFFERED i 
OPTIMIZED SERVICES AND/OR PRODUCT i 
GOT THE CONTRACT i 
OPTIMAL PROJECT MANAGEMENl" STRATEGY FINALISED i 
MANAGED 
i 
CAPITAL 
ARRANGED 
HUMAN 
RESOURCE 
ACQUIRED 
MATERIAL 
PROCURED 
MACHINERY 
AND 
EQUIPMENT 
ARRANGED 
T 
CASH FLOW 
PATTERN 
PREPARED 
MONITORED THE PROJECT PROFESSIONALLY i 
PROFIT i 
NAME IN TOP RICHES OF THE WORLD 
OPTIMIZED MODEL OF CONSTRUCTION COMPANY 
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The study has been confined to workable limits as there are several issues like 
cost optimisation in paints or a discussion on the long list of materials used in 
construction could also not be incorporated due to the increasing volume of the thesis. 
The present study also has few limitations like: 
1. The entire research work was to be completed in the stipulated time. 
2. A thorough coverage on the working of major construction companies operating in 
India could not be incorporated due to inhospitable site location and lack of personal 
conveyance 
3. The scholar was always hard pressed for the finances, which was the primary 
requirement for such study. 
4. The present study is based on the scholar's experience. So personal bias is always 
there. 
At the end of the thesis, few possibilities of further research and advancement of 
the study has been given as under: 
Like any other research work, present work, in spite of its limitations, has scope 
for further research and advancement of the study. Few possibilities are as under: 
1. A management information system specific to construction industries in Indian 
context can be developed. 
2. A document can be prepared on dealings with government agencies in 
construction contract in India. 
3. SCBA packages for specific project in Indian context can be made. 
4. There is a dire need of preparation of simple optimisation packages for cost 
optimisation in construction project. 
5. A comparative study of schedule of rate and analysis of rate of various states and 
departments can be done to ascertain degree of accuracy with actual field data. 
6. A document giving recommendation on optimal design of individual structural 
member and structiiral system can be prepared. 
7. A detailed CPM network based on realistic field data specific to particular 
construction project like housing, bridges for India can be prepared. 
8. A study on financial management in major construction companies in India can be 
done. 
9. A document dealing in real estate management in India can be prepared covering 
all the aspects of real estate. 
10. A document/software giving optimal plans for various types of building can be 
prepared. 
11. A manual dealing with finance, selection, purchase, rental quandary, and 
maintenance of construction equipment based on life cycle costing can be 
prepared for heavy construction equipment. 
12. A handbook covering all aspects of materials management of construction 
material in India can be written. 
15 
13. A study on labour economics of construction worker in India can be done. 
14. A study on the productivity of construction workers in India can be done. 
15. A study of strategic human resource management in construction companies of 
India can be undertalcen. 
16. Safety measures during execution of project always increase construction cost. 
This opens a new portal for optimisation of safety practices in construction 
projects. A manual can be prepared. 
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PREFACE 
In 1990 I got an opportunity to purchase the land, planning and constructing the 
house. While I was purchasing the material for house and dealing with artisans of 
different trade, 1 really felt difficulty in establishing relationship between price and 
quality e.g. a pillar cock of washbasin was available for Rs. 75 and Rs. 175, both would 
perform the same function. So which cock should be purchased in what circumstances or 
on what days building material in local market will be cheaper. I ran from pillar to post 
but could not find any relevant literature. So, I thought that area needed analytical inquiry 
and the topic "Cost Optimisation in Construction Industry in India" was selected as 
the problem for the present study. 
The second reason, which invoked for this study was the magnitude of capital 
involved in civil engineering works at individual level and at the country level. A small 
percentage of saving in a civil engineering project is a big amount. This very 
characteristic of project invoked me an interest in cost aspects of the problem. 
The entire puzzle of the problem took the shape of a Ph.D. topic in 1993 when I 
got an opportunity for rendering consultancy for a fifty-bed hospital, Nishat Hospital, Lai 
Bagh, Lucknow. 
Tlie groundwork for this problem is in fact is a result of twenty years of 
consultancy in civil engineering, construction, purchasing and management experience. 
This can be said that it is experienced based work. In addition to this, reviews, books and 
journals have been consulted for the same. 
The research starts with setting objectives like: 
To discover different areas of construction which affects cost and needs thorough 
investigation 
To discover profile of construction industry in India 
To compile a document or a handbook which engineers, managers and even 
layman can use for reducing cost of construction 
To investigate the reasons for the failure of construction companies 
To set guidelines or propose a model for those who want to earn maximum 
profit from the construction business 
To achieve these objectives a framework, based on real life experience with 
established research procedure has been followed. The entire thesis has been divided into 
ten chapters. 
XVlll 
First chapter deals with total profile of construction industry. Second chapter 
focuses on project management tools applicable to construction project. Third chapter is 
devoted to cost concepts and theoretical basis of cost optimisation techniques. Fourth 
chapter discusses research methodology and epistemology of management knowledge. 
Fifth chapter emphasises need of cost consciousness at each and every stage of project 
design and development. Sixth chapter throws light on cost effective management of 
fixed assets like land, building, equipment and machinery. Seventh chapter emphasises 
optimisation techniques for materials management. Eighth chapter deals with legal and 
cost aspect of human resource management in construction industry. Ninth chapter is 
concerned about cost optimisation in maintenance and upkeep. Tenth chapter is the 
conclusion of entire thesis and suggests direction for further research. 
References have been provided at the end of each chapter and at the end of the 
thesis a bibliography containing 733 sources referred to, has been provided. 
A Compact-Disk (CD) containing the entire thesis is also available with the 
scholar and research guide. The CD can be made available to the user on request. 
June 25'^ 2004 ^azyeen Ahmad 
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CHAPTER-1 
A PROFILE OF CONSTRUCTION INDUSTRY IN INDIA 
1,1 INTRODUCTION 
Historically construction industry is one of the oldest and largest industry in 
unorganised sector providing ample employment to the people. Before the independence, 
the construction activity in India was confined to building of dwellings, religious places 
like mosque and temple etc. at individual and community level, with the use of traditional 
techniques, which are still being used in developing countries like India. 
The history of systematised or organised construction practice in India can be 
traced back to around 1847 AD when Lord Dalhouise estaljlished the Public Works 
Department, called PWD, today, to construct civil engineering structure which included 
road, small dams, canals etc. The department worked successfully for 100 years. In 1947, 
the independent India decided to launch a mammoth multipurpose river valley project, 
called Bhakhra Nangal Project on the river Sutlej in the North West India for irrigation 
and power generation at a cost of Rs.7750 lakhs in 1952 which amounts today 
approximately Rs.80,000 crore. The construction of Bhakhra Dam was taken by irrigation 
wing of PWD of Punjab with the help of technical know how from foreign help on cost 
plus basis. This can be considered as a major breakthrough in the field of construction by 
India as there were no big construction companies available at that time to take up such 
stupendous job and more over network analysis like Construction Planning Method 
(CPM) and Programme Evaluation & Review Technique (PERT) had not taken formal 
shape. 
Today, due to increased competition and the capital, which is scarce, large 
constructions like metro rail, high-rise building cannot be handled without the use of 
modern construction equipment and modern construction management techniques to 
reduce time and to maintain higher standards of construction quality. It is necessary to use 
modem machinery and latest construction management tools to optimise the construction 
activity' to improve the productivity. It does not mean that will leave thousands of 
labourers jobless. It is an irrational thinking as it is well said that 'tomorrow will take its 
own course'. In broader sense every individual of the country will get benefit of increased 
productivity directly or indirectly. 
1.2 CONSTRUCTIONS AND ECONOMY 
By just using common sense it can be inferred that economic plans of any country 
is prepared to improve any particular sector of economy. Improvement or emphasis on 
any particular sector may or may not need help of other sectors like construction. A 
microscopic study of economy, irrespective of its state i.e. primary, secondary or tertiary, 
reveals that development of most of the sectors need help of construction. In nutshell, a 
gap between demand and supply is necessary for the developmeht of a particular sector. 
Role of construction and its impact on other area can be seen from following 
Figure 1.1. 
Thus it can be said that any attention to optimise construction activity will lead 
reduction in waste of material, saving of energy and saving of time. This will certainly 
lead to reduction in cost over runs of other projects. Thus, construction sector is directly 
or indirectly influences the overall economy of the country. 
Construction industry has some peculiar characteristics like any other industry. Firstly, it 
is a capital-intensive industry involving current and future outlays of funds with the 
expectation of a stream of benefits extending far into the future. 
Secondly, construction project takes a long duration to complete e.g. the Bhakra 
Dam took fifteen years for its completion (1950-1965) an and they also have a long 
gestation period. 
Thirdly, the useful life of construction project of national importance is very long 
usually more than 60 years for most of the major constructions. 
Fourthly, in construction project, products and services are combined together. In 
construction, product is fixed and machine and men move, contrary to assembly line 
production in which product moves. 
Fifthly, a large construction needs a large land area. Acquisition of such land leads 
to payment of compensation to the owners of the land, which has, legal and political over 
tones. In some cases like construction of dam, it needs rehabilitation of nearby villages. 
Such problems usually do not occur with the other industries. 
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Sixthly cost benefit analysis of public infrastructure created by construction 
activity such as road, bridges and dams cannot be done with traditional concept of profit 
maximisation alone. Special economic tools like Social Cost Benefit Analysis (SCBA) 
and principles of welfare economics are essential for the valuation of such assets. 
Seventhly, t\vo construction projects are not identical in every respect. Thus, 
construction project can be considered as a job work of a large magnitude contrary to any 
other manufacturing unit producing products at mass scale by a sirigle machine. 
Lastly, the human resource working in construction forms a temporary 
organisation for the project at the site and disperses in different directions as soon as 
project is over. Experience of generations plays a vital role as most of the construction 
material directly used after quarrying are the natural material and performance or relative 
merit of such material takes a long time for its pronouncement, this time may be in 
decades. Such peculiar characteristics opened the portals for the development of special 
managerial tools, like materials management, CPM & PERT to handle the project in a 
professional manner. 
In India, construction industry is fragmented and a sizeable construction work is 
performed by unorganised sector. 
Such peculiar characteristic creates favourable conditions for the establishment of 
a new company. If Construction Company is weighed on the basis of men; material and 
money following facts come up. 
(1) As most of the construction is done either on site of precast members, are 
fabricated and assembled on the site and most of the construction equipment are 
available on rental basis, thus a little capital is invested in fixed assets and 
machinery. 
(2) Construction companies require relatively low working capital as after award of 
contract, company realises mobilisation advance from owner before starting the 
work. 
(3) In India, companies, usually employ labour contractor f6r the supply of labour 
force. So very few employees are on the permanent pay roll of the company. 
These factors are responsible for the birth of small to very big construction 
companies. This introduces competition in the market. There are pit falls but a 
professionally managed construction company is able to pay rich dividend to its 
owners/shareholders. 
1.3 CONSTRUCTIONS AND NATIONAL DEVELOPMENT 
For any developing country like India, development of infrastructure is the 
prerequisite for the economic progress of the country. To achieve this objective optimised 
construction is the need of the hour as capital is scarce commodity. 
L4 TYPES OF CONSTRUCTION 
Total construction work can be divided into two broad categories viz. public and 
private. 
The public projects i.e. whose direct beneficiary will be the public, is usually 
handled by the government, of course govt, get it done by any contractor or by 
construction company by awarding the work through bids and tenders. It is public money 
or any financial aid or loan from agencies like World Bank, are spent. Dam, Bridges, 
Canals, Metro Rail, Power Projects are typical examples of public projects. 
Private projects like house of an individual or construction of a factory, a nursing 
home, hotel or project in which taxpayer's money is not involved can be said as a private 
project. Frankly speaking profit motive is always there in most of the private projects. 
In private projects, capital outlays are less as compared to public projects. 
Secondly in Indian working environment one cannot afford delay in private 
projects but cost over runs and delays in public project is an everyday phenomenon in 
India. 
1.5 CONSUMERS OF CONSTRUCTION INDUSTRY 
Following are the consumers of construction industry: 
(1) An Individual 
(2) Group Housing Societies 
(3) Centre, State, Local Government and Development Authorities. 
(4) Corporate Sector 
(5) Other countries at International level. 
Every consumer has own peculiar requirements, which are being described in 
following paragraphs. 
1.5.1 INDIVIDUALS 
An individual needs the services of a construction company for the construction of 
individual house, which is ordinarily his dream house. In such construction, company 
cannot ignore individual taste and preferences. Persons who are executing the project 
have to help and arrive at a decision in advance on the item of choice and colour e.g. 
colour and size of tile of bathroom, colour, size and quarry of marble stone etc. if 
construction has to proceed smoothly. 
1.5.2 GROUP HOUSING SOCIETIES 
In planning and designing of an apartment or building blocks for group housing 
society, the requirement can be classified into two broad categories. 
First requirement is of an individual in his house. In a group housing most of the 
finishing items are left for the individual occupant so he could finish the house as per his 
choice, taste and preferences. 
Second requirement is the preferences of a group of people as a whole or 
community, requirement. To fulfil this requirement planner needs knowledge of 
sociology, human behaviour, security, and maintenance engineering practices, generosity 
of the people and cooperation among the people. 
1.5.3 CORPORATE SECTOR 
Corporate sector hires the services of Construction Company for commercial 
building, for factory or for office building etc. 
In such buildings, building economics plays a vital role and future expansion and 
flexibility of the plan is very important. These have been thoroughly discussed in chapter 
six. There is ample scope for creativity and innovation in corporate sector projects. 
1.5.4 GOVERNMENT CONSTRUCTION 
Local Development Authorities, CPWD, PWD etc are the department who look 
after the construction of government sponsored, civil engineering works. Here 
Construction Company is guided by strict rules and regulations of the state. For such 
departments, time factor is least important. 
1.5.5 INTERNATIONAL CONTRACT 
After the Second World War under developed, oil rich countries are busy in 
creating infrastructure of the country to boost the economic growth. Sometimes even 
developed countries need huge construction for the events like Olympic and Asian games. 
These projects are mostly financed by the user country or by some international 
financing agency like World Bank. In such cases international bids are invited. 
Construction companies from US, Great Britain, West Germany and France usually take 
the best part of these contracts. 
Now competition is increasing. Companies from Japan, South Korea and India 
also getting business share in these countries in construction and in setting up of power 
stations. Those companies who offer turnkey services have bright chances of success in 
the competition when the nature of job is purely works contract. Here sub contractor is 
capable of mobilising construction equipments and manpower and gets subcontracts from 
principal contractor. Joint venture is very common phenomenon in international contracts. 
1.6 MAIN ORGANS OF CONSTRUCTION INDUSTRY 
There are three main organs of construction industry other than consumer. 
(1) The Owner 
(2) The Consultant 
(3) The Contractor 
1.6.1 THE OWNER 
Civil Engineering Projects are usually cost intensive. Usually the investor does 
feasibility study in advance. Any investor or promoter is worried about two things. Firstly 
investor is worried about the rate of return. Secondly the patterns of cash flow. The ideal 
situation will be high and early return, i.e. on what date what amount is required and from 
where the same will be arranged. The owner or promoter may be an individual, a 
government authority, a government department, a corporate house etc. 
1.6.2 THE CONSULTANT 
In Civil Engineering Project, Architect, Engineer, Project Manager and Chartered 
Accountant usually form the panel of consultants. These persons advise owner on the 
basis of their knowledge, experience, and know how. It is generally believed that any 
person who has experience and knowledge can give advice on a particular problem of his 
field. 
The basic function of an engineer is to design and do necessary permutation and 
combination to optimise the solution. Although consultant should have experience, 
knowledge and wisdom that all certainly come with age but people who are well versed 
with new material, new technology, new equipment and ofcourse having a lot of energy 
and enthusiasm to do something new are also desirable on the project. 
1.6.3 THE CONTRACTOR 
In Civil Engineering Project, contractor translates the blue print into reality with 
the help of work force and material. The practice of contractor ship in civil engineering is 
perhaps as old as civil engineering itself A poorly written contract agreement is always a 
good cause of bone of contention. In contracts, one should always seek the help of a legal 
expert. This is imperative that owner himself should enhance his knowledge on the 
subjects like laws of contract and negotiable instrument act etc. 
1.7 REGULATORY BODIES RELATED WITH CONSTRUCTION 
Regulatory bodies related with any business can be classified into two broad 
categories viz. general and specific. 
Income Tax, Labour Court. Labour Union, Electricity Board are the departments 
with which every business organization has to deal, fall in general category. So every 
business organization should be well versed with the rules, regulation and laws of these 
departments. 
The regulatory bodies specific to construction are following: (I) Local 
Development Authority, (2) Pollution Control Board, (3) Water Works & Conservancy, 
(4) Local Police. 
1.7.1 LOCAL DEVELOPMENT AUTHORITY 
It is the first regulatory body, which is encountered in any construction. Most of 
the rules, regulations and byelaws of development authorities of province of Uttar 
Pradesh are given in the book "Regulation of Building Operation in Uttar Pradesh. This 
very book every construction manager should have and should always keep himself in 
touch with the office of the development authority for the awareness of day-to-day 
changes in the working and rules and regulation of the authority. 
In fact, rules, regulation and bye laws are framed to provide healthy living but 
sometimes these laws are one sided i.e. in favour of government only. Thus, it is 
advisable that rules should not be violated in ordinary circumstances. 
However, there is always a provision for the compounding. This is to be weighed 
by the owners i.e. gain or loss on an unauthorised construction. 
1.7.2 POLLUTION CONTROL BOARD (PCB) 
Now a days regulation regarding environmental pollution have become very stringent in 
India too like in advanced countries. Sometimes large projects like construction of power 
plant, multipurpose river valley project are stopped or even abandoned due to 
environmental considerations. Most common projects that have been abandoned in the 
recent past include Tehri Dam in Uttranchal and Narmada in Madhya Pradesh. 
Clearance from PCB is also necessary for construction of a factory or fabrication 
of a processing plant. The days are over when effluents were directly discharged into the 
river. There is no harm in conforming to PCB norms but sometimes these regulations are 
difficult to obey and PCB acts as a hassle. Planners are advised to incorporate PCB 
recommendation right from site selection to project formulation. 
L7.3 WATER WORKS & CONSERVANCY 
If construction is to be done in urban area then very first question comes to mind 
is what will be the source of water during construction. If municipal water supply is used 
then municipality charges additional tariff on it. So it is advisable that first and foremost 
job of construction manager is to get a water pump installed and inform the municipality 
that public water is not being used for construction. 
The second thing in case of projects like hotel and apartment is the disposal of 
wastewater and night soil. It is obligatory upon liaison officer of the construction 
company or construction manager to initiate the issue for the permission of connection of 
sewer of the building to the municipal sewer. 
1.7.4 LOCAL POLICE 
Local police plays an important role in any construction project because 
development authorities always take the help of police to meet their objectives or in case 
of miss happening on the site local police has to be taken into confidence. It is obligatory 
on the part of construction manager to maintain good relations witii local police station 
and police officers of that area. Of course maintenance of such relations, always lead to 
additional expenditure on the construction company. 
1.8 BUSINESS OPPORTUNITY IN CONSTRUCTION INDUSTRY 
Construction of infrastructure like road network, canal, urban development, 
extension and renovation of existing facility are few activities through which capital 
formation takes place in most of the countries of the world. So there is always ample 
opportunity for construction from village level to international level for the construction 
companies, depending upon size and ability and experience of the company. 
1.9 MANAGEMENT IN CONSTRUCTION 
Based on work experience, it has been observed that most of the construction 
contractors manage their business in a very unorganised manner. This ultimately leads to 
failure of business. The numbers of small and medium size companies' failures are much 
more. 
Construction industry has been characterized as weak inefficient, nebulous, 
backward and slow to incorporate changing conditions. In nutshell majoritj' of 
construction companies are poor absorber of management knowledge. The explanation 
given for it may be as under. 
Every construction project is unique in it and does not need very strict technical 
standardization. An operation in construction work involves many skills and talent, 
mostly of non-repetitive nature. Remote location of the project, poor means of 
transportation and varying productivity of labour are some factors, which are beyond the 
contractor's control. Thus construction business is volatile in nature with many ups and 
downs. 
Any construction activity is basically a manufacturing process. So the decision-
making people are very few. Any delay in on the spot decisions, increases the cost and 
hampers the progress of construction. Such complexities lead to a managerial challenge. 
It does not mean management problems of construction are entirely different of other 
management problems. 
Like any other industry, construction industry is also experiencing cutthroat 
competition. Products and services of construction industry also face temporal variation 
in demand and supply. 
Such conditions necessitate the learning of managerial practice specific to 
construction. Today skilled management is necessary for the survival of construction 
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industry. This maxim lias not received adequate attention in construction firms in India. 
The result is high incidence of failure. 
1.10 FAILURES OF CONSTRUCTION COMPANY 
Dun & Bradstreet (1985-1994) have studied the failure of Construction Company 
for many years (10 years). They list the following reasons for the failures. 
(1) Incompetence 
(2) Unbalanced experience 
(3) Lack of managerial experience 
(4) Lack of experience in particular line 
(5) Neglect 
(6) Fraud 
(7) Disaster 
(8) Reasons unknown 
The first four items listed in above list account for over 90 percent of the failures. 
This fact exhibits that financial success of Construction Company depends almost entirely 
upon the quality of its management. Sometimes prolonged work, poor profit margin, lack 
of proper accounting procedure can be cited as reason for the failure. If we club all these 
reasons, it points towards poor management. Recently Kale and Arditi (1998) have done a 
thorough investigation in this direction. They conclude that newness, adolescence and 
smallness are three major factors, which are responsible for failure of construction 
companies. In scholar's opinion financial handicap is perhaps the root cause of failure, 
which is always associated with new companies. It may be concluded that in simple 
terms, if any one fails in any business, i.e. he could not understand the economics or 
intricacies or commerce of that business. 
There is no dearth of literature on the success stories of various companies. 
Unfortunately success is a public celebration and failure is a private funeral. So for a new 
entrepreneur, it is better to learn from failures rather than from success stories. 
In this regard scholar is of the view that foundation of right stepping stone always 
rests on wrong footprints. These wrong footprints are sometimes called experience. In 
nutshell a new entrepreneur should know DONTS first rather than DOS. It is the first step 
to run the construction business. 
1.11 THE CONSTRUCTION MANAGER 
The construction manager is supposed to discharge basic functions like 
organizing, staffing, directing, planning and controlling. A good performance of 
construction manager is necessary for the growth, development and success of 
Construction Company. 
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Although the managers do not normally carry out the construction work with there 
own hands. Yet, he is responsible for keeping the project on schedule within the cost 
limits. He should have telescopic as well as microscopic vision on each and every step of 
construction operation, right from preliminary estimates and various types of costs to the 
final inspection and payment. 
In managing any construction project, personality of construction manager plays a 
vital role. This very trait can never be ignored. Recently Mustapha and Naoum (1998) 
have investigated factors, which influence effectiveness of site managers. They are of 
strong opinion that personal variables as a whole have an impact on effectiveness of site 
managers. 
The construction manager should also be capable of handling crisis and 
contingencies at site. Crisis and contingency do arise at construction site. Managers 
should be well equipped to deal with such emergencies. To deal with such contingencies 
collective effort is needed. Recently Loosemore (1998) has identified effective 
responsibility and teamwork is the basic managerial tool to handle the crisis. 
1.12 NEED FOR PROFESSIONAL COMPETENCE 
If a company or contractor is ignorant about his legal rights, entitlements and not 
vigilant, he will get partial success and will have to be contented with few chips of fruit 
produced by his hard labour and larger chunk goes to the owner who will seldom 
volunteer a helping hand. 
So there is an intense need to instil competence in the management of this valued 
industry. Introducing a comprehensive course of study, containing all the relevant aspects 
of construction management and by writing good books and doing research work, 
covering all aspects of the problem, can fill this gap. 
Since construction activities are carried out mostly at the construction site, which 
are usually far flung from main cities, the academician/authors, and the faculty may not 
be aware of the practical difficulties and nuances of construction management. These 
might be the reason that construction management has not received due place in the 
institutes, universities, colleges and in many management books. 
The books, which are available on this very subject, are not complete in all 
respects. The orientation of these books is either of construction of civil engineering 
works and PWD accounting. This very consideration of "COST" is very much missing. 
However, a number of good books are available on project management but they are not 
specifically aimed at cost in particular and construction in general. 
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After thorough investigation of various journals and books and critical 
examination of inherent nature and characteristics of construction business author has 
selected the topic "COST OPTIMIZATION IN CONSTRUCTION INDUSTRY IN 
INDIA" for the research. 
1.13 HOW WILL THIS WORK HELP? 
This research work will be useful to individual owner, consultant and contractor 
as well. 
If an owner decides to implement his plan by managing the construction work he 
himself, by employing his own construction team and purchasing the material himself, the 
cost saving method has been discussed in this thesis. 
If the owner who is conversant with the nuances of construction management 
practice, can extract maximum from contractor by applying cost saving methods, 
discussed herein with not much difficulty and solving their problem in time without being 
deceived or cheated by any one. 
Consultant can use the present work for optimising the project during planning 
and formulation stage. 
At last the maximum benefited is the contractor who feels the beat (profit) of the 
heart of construction project i.e. construction phase. 
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CHAPTER-2 
PROJECT MANAGEMENT IN CONSTRUCTION INDUSTRY 
2.1 INTRODUCTION 
In newspaper or in any news channel we come across the word "Project". We hear 
of cement projects, power project, housing project etc. But while the term project is 
common to all of them, the plants are not i.e. something is common in all the projects and 
some uniqueness with each project. Let us understand very nature of the project. 
2.2 UNDERSTANDING OF THE PROJECT 
Webster dictionary defines project as a plan or proposal for doing something or 
one can say a programme for doing or accomplishing an organized activity or task. 
However, public, government or a business organization or an individual wishes 
to do something. This very something provides the basis for the initiation for the 
formulation of a project. The idea of the project is technically feasible, economically 
viable, politically suitable and socially acceptable, then the very idea of project needs an 
assessment of the investment involved. When the investment proposal is approved, the 
project commences. 
A project is thus initiated to achieve a mission - whatever the mission may be. 
A project is completed as soon as the mission is fulfilled. The project lives 
between these uvo cut-off points and therefore this time span is known as project life 
cycle. 
Thus, it can be said that project starts from scratch with a definite mission, 
generates activities involving a variety of human and non-human resources, all directed 
towards fulfilment of the mission and stops once the mission is fulfilled. The project 
Management Institute USA defines it as under: 
"A project is a one shot, time limited goal directed, major understanding requiring 
the commitment of varied skills and resources". It also describes a project as a 
combination of human and non-human resources pooled together in a temporary 
organisation to achieve a specific purpose. 
UNIDO (United Nations Industrial Development Organisation Vienna) defines a 
project as "a proposal for an investment to create and / or develop certain facilities in 
order to increase the production of goods and / or services during a certain period of time. 
Baun and Tolbert define the term project as "a discrete package of investment 
policy measures and institutional and other action designed to achieve a specific 
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development objective (or set of objectives) within a designated period. The term 
development project hardly used in developed countries where it's nearest equivalent is 
capital formation or infrastructures investment. 
For Lewis, "a project is a one time job that has defined starting and ending dates, a 
clearly specified objective or scope of work to be performed with a predefined budget and 
usually a temporary organization that is dismantled once the project is completed. 
2.3 IMPORTANCE OF THE PROJECT 
In order to accelerate economic and social progress and bring about, better living 
standards (improved health, education and housing facilities) for their people, government 
of developing economies have found themselves the principal planners, financers and 
implementers of development plans. Importance of project need not to be emphasised as 
every such project has involvement of a capital of lesser or higher magnitude. The capital, 
which is a scarce commodity because of this very factor, the term "project", has received 
worldwide recognition as a tool for the development process. 
2.4 INHERENT CHARACTERISTICS OF PROJECT 
Projects have some characteristics, which are common to all projects. These 
characteristics can be said principal characteristics or inherent characteristics, which can 
be summarised as under. 
(1) It has well defined starting and ending points. 
(2) It uses a wide variety of resources and skills involving cost and time. 
(3) It involves the coordination across organizational boundaries of groups and 
organizational units. 
(4) It is an instrument of change and is unique in itself 
(5) Ever> project advances in succession i.e. what exactly will happen in any project 
is not aKva>s known before hand until it enters in detailed engineering phase and 
construction. 
(6) Ever\ project is like a big job work i.e. it is single one and made to order. 
(7) It is combination of technology, equipment, machine, material and men with 
diverse talents. Thus it can be said it is unity in diversity. 
(8) Ever> project needs a system of execution i.e. turn key basis, sub-contracting or 
cost plus basis etc. 
(9) Ever\ project is associated with certain degree of risk and uncertainty. A poorly 
defined project has higher degree of risk. 
2.5 CATEGORIES OF PROJECT 
Much of what the project will comprise and its subsequent management will 
depend on the t\ pe of the project. Projects can be classified in so many ways as under. 
(1) In terms of scope National or International. 
(2) Profit oriented or Non-profit oriented. 
(3) In terms of production: Industrial or Non-industrial. 
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(4) In terms of technology: Non-Conventional R&D, High Technology, Conventional 
Technology, Low Level Technology. 
(5) In terms of size Mega, Major, Medium and Mini. 
(6) In terms of origin: Grass Root, Expansion, Modification. 
(7) In terms of time Normal, Crash, Disaster. 
Once the project has been assessed on above criteria this can be very easily done 
by filling Table 2.1. Now the project can be said, defined at prima facie level. 
Now details and peculiarity of the proposed project is to be written. 
TITLE OF 
THE 
PROJECT 
Scope 
Profit 
Production 
Technology 
used 
Size 
Origin 
Time 
National 
Profit making 
Industrial 
Non-conventional, R&D 
Conventional Technology 
Mega, Major 
Grass root. Expansion 
Normal, Crash 
International 
Non-profit making 
Non-Industrial 
High Technology 
Low Conventional 
Technology 
Medium, Mini 
Modification 
Disaster 
Table 2.1: VARIOUS CATEGORIES OF PROJECT 
2.6 THE PROJECT LIFECYCLE 
Every programme, project, or product passes through certain phases of 
development. A crystal clear picture of these phases permits managers and executives to 
have better control over the resources in the achievement of desired goals. The phases of 
project are known as life cycle phases. However, the break down and terminology of 
these phases may differ, depending on the nature of the project. 
Today it is difficult to develop consensus on the life cycle phases of the project. 
This is apparent because of the complex nature and diversity of projects. 
The theoretical definition of the lifecycle phases of a system as defined by Cleland 
and King can be applied to a project, 
These phases are: 
(1) Conceptual 
(2) Definition 
(3) Production 
(4) Operational 
(5) Divestment 
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2.6.1 CONCEPTUAL PHASE 
The conceptual phase, which is first phase, includes the preliminary evaluation of 
an idea. What is important in this phase is: preliminary analysis of risk, uncertainties and 
the resulting impact on the time, cost and performance level along with the potential 
impact on resources of the company. Various stages of conceptual phase are as under. 
(1) It determines existing needs or present deficiencies in the existing system. 
(2) It paves way for the system concepts, which provide initial strategic guidance to 
overcome existing critical deficiencies. 
(3) It evaluates initial technical, environmental, and economic feasibility and 
practicability of the system. 
(4) It examines different alternatives for accomplishing the system objectives. 
(5) It provides an idea about cost and time. 
(6) It identifies the human and nonhuman resource requirements to support the 
system. 
(7) It helps in initial system designs that will satisfy the system objectives. 
(8) It finally establishes a system organization for the project. 
2.6.2 THE DEFINITION PHASE 
The definition phase is second phase. It is further elaboration of elements 
described under the conceptual phase. The definition phase needs a firm identification of 
resources needed with realistic time and cost estimates. Various stages of this phase are as 
under. 
(1) Estimation of realistic cost, schedule, and performance level. 
(2) Identification of the areas of pit fall where high risk and uncertainty is involved. 
(3) It defines interfaces between inter system and intra system. 
(4) It identifies need of supporting subsystems. 
(5) Format of documents for various transactions. 
(6) Detailing of plans needed to support the system. 
(7) Definite fixation of human and nonhuman resources. 
(8) Determination of expected system performance levels. 
(9) It formulates policies, procedures. 
2.6.3 PRODUCTION PHASE 
It is basically planning and organising phase. It is this phase in which almost all 
documentation is done. Various stages of this phase are as follows. 
(1) Plan conceived in definition phase is updated. 
(2) Determination of labour, funds and inventory supplies to facilitate the production. 
(3) Verification of the specification, before production. 
(4) Construction, installation and beginning of production. 
(5) Policymaking and determination of procedure and documents. 
(6) Final testing of working performance of intended system. 
(7) Preparation of manuals and associated documents, mentioning how the system is 
intended to operate. 
(8) Preparation of plans needed to support the system during operational phase 
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2.6.4 OPERATIONAL PHASE 
It is fourth phase in which programme is implemented. This is the most critical 
phase. It has direct bearing on cost over runs and time schedule. Various steps involved in 
this phase are as under. 
(1) Coupling of the project's product and/or service into existing organizational 
system. 
(2) Evaluations of the technical know how, social acceptability, and economic 
sufficiency need for the project to meet actual operating conditions. 
(3) Evaluation of the supporting systems. 
(4) Seeking of feedback for organizational planners concerned with monitoring, 
planning and developing of new projects and systems. 
2.6.5 DIVESTMENT PHASE 
The final phase is winding or clean up phase or divestment phase. In this phase 
hardware or facility built with active involvement of various agencies is physically 
handed over for the production to a different agency that was not so involved earlier. In 
this phase questions come to mind what and where should resources be reassigned and 
how the persons involved during execution of the project be reshuffled. Various steps of 
disinvestments phase are as under. 
(1) Phasing down of the system. 
(2) Preparation of plans for transferring responsibility to supporting organisations. 
(3) Divestment or transfer of resources to other systems or units. 
(4) Recording of "lessons learned from the system used" like as under. 
(a) Assessment of image in the eyes of the customer. 
(b) Major ticklish problems encountered and their remedy. 
(c) Latest technological advances in the area. 
(d) Advancements in knowledge related to strategic objectives. 
(e) New or improved management techniques. 
(f) Suggestions for further research and development in the area of interest. 
(g) Any other major lessons learned or solution evolved during the course of 
the system. 
2.7 THE CONSTRUCTION PROJECT 
Knowledge of project management, has diverse application whereever multiple 
agencies are involved, a project manager is needed. A construction project calls for a 
specialized skills in project management. Chinowsky and Meredith (2000) have 
highlighted importance of strategic management in construction project. They have 
suggested two-step strategy for strategic management of construction companies. First 
step is identification of gap and next step is process of filling the void. They have 
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identified seven areas of strategic importance in any construction company to achieve 
long-term objective. 
Group who is involved in construction activity covers an enormous range of 
activity and deals with multifarious types ranges of people. They construct the following. 
(1) Thermal and hydro power station 
(2) Bridge and flyovers 
(3) Road networks 
(4) Lay railway track and construct metros 
(5) Tunnels 
(6) Dam and canal networks, docks and harbours 
(7) Airports 
(8) Buildings, i.e. hospitals, schools, housing blocks, flats and prisons. 
(9) Factory 
(10) Parks and resorts 
A little thinking reveals the project listed 1 to 6 are ordinarily handled by the 
government. Only 6 to 10 ordinarily ventured by government as well as private agencies. 
In India, government usually initiate those projects, which are for the common 
good, and people of the country are the main beneficiaries. These projects are funded by 
government or by other agencies. There is standard procedure for formulation, 
implementation and appraisal of such project. Such projects needs Social Cost Benefit 
Analysis (SCBA). United Nation Industrial Development Organization (UNIDO) method 
and Mirless approach are two standard methods for SCBA. However in India, Planning 
Commission has set its own procedures for planning, evaluation, implementation and 
appraisal of the projects. 
Any construction project passes through the different phases. 
In fact total process of engineered construction may be thought of as consisting of 
seven major elements as under: 
(1) Project definition. 
(2) Preliminary planning. 
(3) Hiringof human resources. 
(4) Project design. 
(5) Procurement of material. 
(6) Project completion. 
(7) Project start up. 
After defining and doing preliminary planning the owner searches for an 
experienced design engineer. The effort of design engineer and the contractor who builds 
the project are directed towards the same goal namely the creation of something that will 
serve the purpose for which it is built in a satisfactory manner. Construction is the 
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ultimate objective of a design. It is imperative on the part of the designer and builder to 
improve the quality of construction, while at the same time reducing the various costs of 
construction. 
It is the duty of designer / planner to design the project which will most nearly 
satisfy the needs of the owner at the lowest possible cost. The designer should study every 
major item to determine if it is possible to reduce the cost without unduly reducing the 
service, which the project will render. The designer should have wisdom and vision to 
make possible changes in design, modify the requirement of construction and modify 
portion of specification in such a manner that the cost of the project will be reduced 
without sacrificing its essential value. An engineer who practices this philosophy is 
rendering a real service to his client in particular and to the society in general. 
Thus it seems evident that an engineer should be reasonably familiar with 
peculiarities of construction, construction methods and costs if he is to design a project 
that is to be constructed at the lowest possible cost. 
Like other projects construction project also has some peculiarities in general and 
some unique features in particular. Few may be as under. 
(1) Every construction project needs a site selection. 
(2) Every project needs land acquisition. 
(3) Execution of any drawing is basically a manufacturing process. 
(4) Any construction results in an immobile product rather than a mobile property. 
(5) Every construction uses ordinarily, locally available building material. 
(6) Every construction project is capital intensive. 
(7) Every construction is basically a job work as one entity. 
(8) Every construction job is a unique experience. 
(9) Economics of scale is highly applicable to every project 
(10) Over specification or lack of insight on the part of designer has a serious cost 
implication. 
(11) Under specification has disastrous effect. 
(12) Every construction is an irreversible action. 
(13) Useful life of any construction is much higher (around 60 years) as compared 
to any other engineered product. 
(14) Application of principles of value engineering results in big saving. 
(15) Every stage of construction needs optimisation. 
(16) Optimised construction needs diversified knowledge. 
(17) Maximum saving can be achieved during construction process. 
(18) Application of learning curve results big savings in construction. 
When design and drafting part of the project is finished the next phase is 
procurement of material and construction. 
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2.8 THE CONSTRUCTION INDUSTRY 
Construction is essentially a service industry whose responsibility is to convert tiie 
plans and specification prepared by an engineer or an architect into a finished project. 
The construction of projects involves thousands of details and complex 
interrelationship among owners, architects, engineers, general contractors, speciality 
contractors, manufacturers, material dealers, equipment distributors, government bodies, 
local development authority, labours and others. 
The contractor assumes the responsibility for the delivery of the completed facility 
at a specified time and cost. In so doing he accepts legal, financial and managerial 
obligations. 
Construction industry consumes more natural material, capital goods like cement 
and steel and finished goods, than any other industry. 
As soon as contractor appears in the picture, the very next question arises what 
will be the mode of contract. There are three types of contracting viz. lump-sum contract; 
unit price contract and cost plus contract are prevalent in construction industry. 
2.9. CONSTRUCTION ECONOMY AND THE ENGINEER 
The cost of a project is influenced by so many factors but it can be broadly 
grouped in the following heads: 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
Design and Specification 
Material 
Labour 
Equipment 
Overheads and Supervision 
Profit Earned 
In the project first five items are to be optimised to maximise the six one that is 
the profit. 
To optimise at design and specification level, designer should be well versed with 
the specific and general requirement of the facility or structure being designed. For 
writing specification, he should know most of the specification for a particular job. He 
should not recommend iodised salt for electrical earthing while soiled salt is the most 
suitable and appropriate salt. Engineering properties and cost of local construction 
material should be supplied in advance to the designer. 
The quality of workmanship and construction has substantial influence on the 
manpower requirement and wages of the labour and artisans. Workmanship should 
conform to basic requirement of the structure. 
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Designer should keep himself informed about new material, new equipment, new 
technology e.g. development of under reamed piles foundation has changed the 
foundation design for many structures. This is a clear departure from the end bearing 
piles. 
Few tips from following list can be adopted to reduce the cost of construction. 
(1) Designing concrete structures with repetitive section is one of the ways to save on 
formwork. 
(2) One should avoid intricate designs. 
(3) Design for use of optimal size and rental of construction equipment.. 
(4) Avoid special construction requirements as far as possible. 
(5) To increase productivity reduce labour requirement to minimum. 
(6) Specify a quality of workmanship commensurate to quality of the project. 
(7) Furnish detailed foundation information to construction engineer. 
(8) Contractor should not be thrust upon responsibility for information or data for 
design. 
(9) Entourage use of local material. 
(10) Suggest various techniques for accomplishing the desired result. 
(11) Hold pre-bidding discussions with contractors to minimise change orders. 
(12) Consult foreman and supervisors having judgement and experience for 
understanding and execution of the project. 
2.10 CONSTRUCTION ECONOMY AND CONTRACTOR 
A complacent attitude of construction group towards plans and method of 
construction is not a very healthy sign. Dissatisfaction is necessary for the development of 
new construction planning, new equipments, new methods that ultimately increases 
productivity and reduces the cost. 
Every contractor should give heed for following consideration for the reduction of 
construction cost. 
(1) Preliminary inspection of site before the bidding. 
(2) By using most appropriate size of construction equipment, which has higher 
efficiency, speed, capacity and lower operating cost. 
(3) By giving incentive of bonus or reward to key construction personnel. 
(4) By calling periodic meetings with the key persons to discuss plans, procedures 
and feedback. 
(5) By adopting preventive safety measures to reduce accidents. 
(6) By considering scope of sub-contracting for specialised operations. 
(7) By adopting preventive and corrective maintenance measures for construction 
equipment. 
We human beings are usually biased on one side or the other we have impressions 
of existing things and practices of the past. This very prejudice prevents us giving fresh 
thought to the solutions of a particular problem. Value analysis & value engineering are 
the specialised areas of cost engineering whose objective is to reduce cost. 
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2.11 THE VALUE ENGINEERING 
When engineering part of the project i.e. design, specification, materia! and 
method of construction have been decided then value analysis comes into picture. Value 
engineer examines size and material of different items and gives thought for the change of 
materials and modifications in dimension with objective to reduce cost without reducing 
the quality and usefulness of the product. Value engineering can be applied at two levels 
first at the time of formulation of the project. After wards, value engineering is applied at 
the time of implementation of the project. At this stage, value engineer identifies cost 
reduction area and submits his modification to the contractor. When owner, architect and 
designer are satisfied and find worth in modification, then changes are approved and 
resulting cost saving is shared by contractor and owner on a pre-agreed basis usually fifty, 
fifty. Omigbodun (2001) has examined use of value engineering in building design. He 
suggests maximum saving in job type general products used in building can be achieved 
by using value engineering. Reduction in cost of project happens when owner architect 
and builder interact with each other for the total quality management. 
2.12 THE VALUE ENGINEERING STUDY 
Value analysis should be done by a group of persons rather than by an individual. 
Value engineering group should be well versed with all aspects and phases of 
construction project. At every job, following questions should be asked and answered. 
(1) What is its function? 
(2) What are the costs? 
(3) What changes are possible? 
(4) What will be the cost of changes? 
(5) What effect the change has over the duration of the project? 
(6) What are the possible substitutes? 
Above-mentioned queries during each phase of the project indicate certain cost 
reduction areas without compromising on quality and without affecting the functional 
utility of structure. To get maximum benefit from value analysis the study should be 
focussed on those items, which represent larger cost in the project and are of repetitive 
nature. Items where cost of value analysis is more than the potential saving should be left 
off 
2.13 ORGANIZATIONAL STRUCTURE AT A CONSTRUCTION PROJECT 
For execution of large construction project, an organizational structure is a must 
as duration of big construction project is quite long. Although whole organization is 
temporary yet a co-ordination among team members is vital. 
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Recently Cheng, , Su and You (2003) have developed a trend model, which 
establishes an activity relationship matrix (ARM) to identify the activity relationship 
within the construction process. ARM is usually used to construct organisational structure 
for communication co-ordination and management of project. This model has used 
analytical hierarchy process to quantify the strength of an organisational structure. They 
suggest that flattest structure is not always most optimal organizational structure. 
2.14 GENERAL COMMENT ON THE APPLICATION OF PROJECT 
MANAGEMENT SOFTWARE 
Project management software develops a computerized network of the project on the 
basis of CPM or precedence network relationship. The output can be taken in, any format 
like bar chart, time-scaled network diagram or "S' curves, forecasting cumulating 
progress of the work .In this software the great advantage is the fast updating of the 
network and any change in the interdepencies of the activity can be easily incorpated. 
The reports can be produced weekly, monthly or quarterly. The modern trend is 
towards web based construction project management for mega projects (amounting more 
than one thousand crore or ten billion) employing internet technologies and having 
connectivity with far flung project offices and dealing with a number of agencies selling 
goods and services having offices in different locations of the world. 
Most of the software has been developed with the notion of construction practices 
prevailing in the construction industries of the west. Many of the application modules 
cannot be used in Indian conditions due to following reasons. 
(1) The government department don't follow the commercial system of maintaining 
the accounts of expenditures. 
(2) Estimates are prepared on functional lines (department wise) rather than on the 
basis of logical work breakdown structure. 
(3) Most of the big contractor sub-contract, substantial portion of the work to small 
sub contractor who do not have any exposures of the concepts of time 
management in a project. 
Following are the list of few project management software. 
2.14.1 LIST OF PROJECT MANAGEMENT PROJECT 
(1) Microsoft Project 2002. It is available in several versions. Standard, Professional, 
Project Server, etc. 
(2) Sure Track Project Manager 3.0 by Primavera Systems. Runs on Window 98 and 
higher operating systems. 
(3) Project Scheduler 8(PS8) by SCITOR Corporation (www.scitor.com). 
(4) PMOffice (Portfolio Management) Project Management Software by IBM and 
Systemcorp. Offers multi-project architecture. 
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(5) Artemis Project Management; offers a host of products (ViewPoint, View05, 
OnTrack, etc.) using multi -project architecture which is capable of handling 
complex projects and resource management challenges. Contact 1.800.477.6648 
(6) Timesheet and Project Management Software by GTS Software Pty, Australia. 
(7) (P-M) Project Manager by WMB Publishing Inc, Toronto, 1996. 
(8) 0PX2 R3 by Plaisware. 0PX2 is a comprehensive, integrated application suite for 
enterprise- wide project management. Based on a structured design, 0PX2 
provides the means to set up a standardized project control system operational to 
the corporate scale. 
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CHAPTER-3 
THEORETICAL BACKGROUND OF COST OPTIMIZATION 
TECHNIQUE 
3.1 INTRODUCTION 
If we trace back to the days of pre-industrialisation era i.e. before 1726 
A.D. there were home industries producing limited number of products, which 
could have been sold in local market and profit was shared by few individuals 
only. 
After industrialisation concept of limited companies expanded Public 
Limited Companies came into existence, means of transport increased and 
competitive trade started flourishing crossing the national boundaries. Now 
managers have to be accountable not only to a few individuals but to a large 
number of shareholders, investors, public, society and government. 
The relation of profit is very simple. The product is manufactured at 
minimum possible cost and sold at maximum possible price. This invokes 
managers to go deep down in the ocean of the cost and come up with a notion of 
the cost in general and optimal cost in particular. 
Before optimising any phenomenon first of all one has to understand that 
very phenomenon. So one should have a thorough understanding of the cost 
because "COST IS A FACT" 
The committee on cost concepts and standards of the American 
Accounting Association (AAA) defined cost as follows. 
"Cost is a foregoing measured in monetary term incurred or potentially to 
be incurred to achieve a specific objective''. 
The term cost is a generic term purposely defined and used in a variety of 
ways so as to include all the various types of cost. 
The term "cost" itself is without any significant meaning and therefore, it 
is always advisable to use it with an adjective, phrase or modifier that will convey 
the meaning intended. When the term is used specifically, it is always modified by 
such descriptions as prime, direct, indirect, fixed, variable, controllable, 
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opportunity, imputed, sunk, differential, marginal, overhead, replacement and the 
like. 
3.2 CLASSIFICATION OF COST 
Costs important to one firm may be irrelevant to another. Similarly cost 
that are important in one context to a firm are unimportant in other context, e.g. a 
builder asked his accountant, how to value the building used as the shelter. In 
other words what did it cost? The accountants answer was: "Why do you want to 
know, if it is needed for insurance purpose to determine how much insurance to 
buy then perhaps replacement cost would be the answer. If it is being planned to 
sell the building and construct another elsewhere, then market value of the real 
estate will be the answer. If cost is needed for balance sheet then historical cost 
may suffice. Thus, we need different cost for the different purposes and a 
classification of cost is needed. A cost accountant has following four major uses 
of cost. 
(1) Determining product costs for stock valuation and profit measurement. 
(2) Planning 
(3) Decision making 
(4) Controlling 
Thus cost can be classified in different ways depending on the 
requirement. A broad classification of cost suitable for construction industry is as 
under: 
(1) Direct material 
(2) Direct Labour 
(3) Direct Expenses 
(4) Site & Office Overhead 
The above-mentioned costs can be further classified into specific cost. 
3.2.1 DIRECT MATERIAL 
Direct material refers to the cost of raw materials, which becomes a major 
part of the finished product. It includes that those material which are integral part 
of the finished product and are conveniently and economically traceable to 
specific units of output. In construction, building material, steel, cement, paint are 
typical examples of direct material. 
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3.2.2 DIRECT LABOUR 
Direct labour is defined as the labour of those workers who are engaged in 
production process. It is the labour cost for specific work performed on products 
that is conveniently and economically traceable to end product. In civil 
engineering labour or skills rendered by mason or skills applied on a job by a 
carpenter are the example of direct labour. 
3.2.3 DIRECT EXPENSES 
These include any expenditure other than direct material and direct labour, 
directly incurred on a specific cost unit (product or job). Such special necessary 
expenses can be identified with cost units and are charged directly to the product 
as part of the prime cost. 
3.2.4 SITE AND OFFICE OVERHEADS 
It is the construction expenses or site and office overheads defined as the 
cost of indirect materials, indirect labour and indirect expenses. The term indirect 
materials refers to materials that are needed for the completion of the product but 
whose consumption with regard to the product is either so small or so complex 
that it would not be appropriate to treat it as a direct materials item e.g. cost of 
lubricants, cotton, waste, wear and tear of machines etc. 
The term indirect labour may be defined as that labour which does not 
affect the construction cost or composition of finished product. In other words it is 
the labour cost of production related activities that cannot be associated with or 
conveniently and economically traced to end products e.g. salary of watchman, 
material handler, maintenance crew etc. 
The total of direct labour and overhead is known as conversion cost as it is 
the cost of converting raw material into a finished product. 
3.3 THE SPECIFIC COST 
Specific cost is the cost associated with a particular economic activity or 
job or situation. Various specific costs are as under: 
3.3.1 FIXED COST 
Fixed cost is a cost which does not change in total for a given time period 
despite wide fluctuations in output or volume of activity. Examples of fixed costs 
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are rent, property taxes, advertising, insurance etc. These fixed costs originate 
because of contractual obligation and management decision. They accrue with the 
passage of time and not with the production of the product or the job. This is the 
reason why fixed costs are expressed in terms of time such as per day, per month 
or per year and not in terms of unit. 
3.3.2 STEP COST 
Step cost is a cost which is constant for a given amount of output and then 
increases in a fixed amount at a higher output level. 
3.3.3 VARIABLE COST 
A cost which changes in total in a direct proportion to changes in the 
related lolal activity or volume e.g. materials, parts, assembly labour, sales 
commission etc. 
3.3.4 DIRECT COST 
Costs which are easily traceable or identifiable with a product is called 
direct cost. Direct material, direct labour, and direct expenses are example of 
direct cost. 
3.3.5 INDIRECT COST 
Indirect cost are those costs which cannot be identified with or traced to a 
single product because they are common to several products e.g. lubricant, scrap 
material, salary of supervisors, rent, depreciation etc. 
3.3.6 OPPORTUNITY COST 
It is the cost of opportunity lost. An opportunity cost is the benefit given 
up or sacrificed when one alternative is chosen over another. Opportunity cost is 
the income foregone by selecting another alternative not taken e.g. choosing to 
attend college instead of working in a factory has an opportunity cost equal to the 
salary foregone for the acquisition of knowledge. 
3.3.7 SUNK COST 
A sunk cost is one that has already been incurred. It is the cost gone 
forever and can not be recovered e.g. fee paid to architect for different alternative 
plans for a building. 
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3.3.8 IMPUTED COST 
Imputed costs are not actually incurred in some transactions but which are 
relevant to the decision as they pertain to a particular situation. These costs do not 
enter into traditional accounting system. But they are being related with economic 
reality and help in making better decision e.g. salaries of owner in proprietorship 
firm. 
3.3.9 OUT OF POCKET COST 
It is the cash expenditure involved in performing any activity. 
3.3.10 SHUT DOWN COST 
Those costs which have to be incurred under all situations in the case of 
stopping manufacturing of a product or closing down a department or a division. 
Shut down cost thus refer to minimum fixed costs which are incurred in the event 
of closure of a department or division. 
3.3.11 CONTROLLABLE COST 
Controllable cost is the cost over which manager has direct and complete 
decision authority. This cost can be controlled or reduced by a manager at a given 
organisational level e.g. indirect labour, lubricants, cutting oil, cutting tools, 
power consumption in machine shops, maintenance cost. 
3.3.12 STANDARD COST 
Standard cost are those costs which are planned or predetermined cost 
estimates for a unit of output in order to provide a basis for comparison with 
actual cost. In civil engineering, rates given in schedule of rate book can be 
considered as standard cost. 
3.3.13 JOINT COST 
Such type of cost arises when processing of one raw material yields two 
products. One can not be produced by producing another e.g. cream and whey, 
petrol and Liquid Petroleum Gas (LPG) or any production process yielding bye 
product. 
3.3.14 HISTORICAL COST 
The cost which has already incurred or in simple word it is a historical data 
of cost but it is very valuable for costing, cost forecasting and for preparing 
estimates for construction. 
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When historical cost is available with the company then a question arises 
how to use this information in a most efficient way in preparing cost estimates. 
Baciv, Boles and Fry (2000) have proposed triangular probability distribution for 
modelling historical construction cost data. The least square minimization 
methodology always gives good results. Therefore it is used for automated cost 
estimating system. 
3.4 COST ACCOUNTING 
Any business activity is basically conversion of capital into goods or 
services and then selling of goods at a premium. This premium is called profit. In 
entire business we always consider capital as borrowed money on which interest is 
to be paid. The investor is not interested in the activities happening behind the 
curtain i.e. conversion process. His interest is in getting a return at the end of the 
year on his investment. Naturally, organisation will be able to give higher 
dividends if company earns higher profit. To earn higher profit, cost of the 
product should be as minimum as possible. To lower the cost, whatever costing 
procedure we adopt is called cost accounting and the different ways in which this 
accounting data is used for internal control or monitoring or decision making, is 
called management accounting. On the other hand data recorded in such a manner 
or data needed to convince the investor, tax collecting official, stock exchange 
offices is called financial accounting. The entire economic process can be 
summarised in Fig.3.1 and 3.2. 
For maximum profit, it is necessary that selling price should be maximum and 
cost price should be as minimum as possible. This is the reason why cost is 
important in every business activity as shown Fig. 3.2. 
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Fig 3.2 : THE ACCOUNTING PROCESS 
Economic activity begins from product development. From product 
development to selling, one has to optimize the cost at each and every level. 
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Managers need information on cost for planning, reporting, decision 
making and controlling the business. 
Any construction is basically a job work. To have information on 
construction cost the best suited approach is the job costing. The focal point in 
job costing are recording of material cost, labour cost and manufacturing 
overheads. A little more advanced form of job costing is contract costing which is 
best suited for construction projects. 
3.4.1 CONTRACT COSTING 
It is also known as terminal costing. The basic difference in job costing 
and contract costing is addition of contractual obligation like retention money, 
earnest money. Contract costing has some unique features, which are as under. 
(1) Contracts are executed far away from company's office. 
(2) Contracts may continue over more than one financial year or accounting 
period. 
(3) Materials are purchased and delivered direct to the construction site or 
procured from central stores. 
(4) Payroll is prepared either at the site or at administrative office. 
(5) On large contracts sub contractors are employed. 
(6) Construction plant and equipment purchased or hired or hire purchased. 
(7) Running payment is received at different stages of construction and part 
of the payment is with held with owner or with main contractor. 
(8) Cost plus basis of contract is very common in construction industry. 
3.4.2 RECORDING COSTS AT CONTRACT 
In contract costing, material allocation is required directly to the contract. 
Little indirect cost is incurred on the site. Overhead cost usually incur at head 
office. Office overheads are of small magnitude and can be absorbed arbitrarily as 
a percentage on prime cost. 
A Separate account is needed for each contract for the determination of 
profit and loss on a particular contract. Following costs are recorded in cost 
contract account. 
3.4.3 MATERIALS 
Materials needed for a particular contract are debited to the contract 
account. Materials returned are credited with a note. Material transferred from one 
site to other is entered in material transfer note. Material not in use or scrap (steel) 
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is sold at site and proceed is credited in the account and any profit or loss is 
entered in tlie profit loss account. 
At the end of the accounting period, value of materials left unutilised on 
the site is carried over as a charge against the next period. 
It may be possible that owner may supply certain materials from own stock 
for the consumption at site such material should be recorded out side the contract 
account. 
When purchases are made for the contract, contract account is debited and 
the supplier's or cash account credited with the value of material purchased. 
Material stolen or spoiled is transferred to profit and loss account and is shown on 
credit side of the contract account. 
3.4.4. WAGES 
Wages of all workers at a particular contract is treated as direct labour 
irrespective of nature of work they perform. Movement of workers to different 
sites should be maintained on time sheet and wages should be distributed on the 
basis of time spent on each site. The wages of staff at head office and at central 
stores are taken as overhead and are charged on a equitable basis to different 
contracts. Wages accrued or outstanding at the end of the period should be shown 
on debit side of contract. 
3.4.5 EXPENSES 
All expenses other than material and wages are placed in this category e.g. 
fee of architect, consultant, electricity bills, insurance, plant rental etc. 
3.4.6 PLANT AND MACHINERY 
Depreciation of plant and machinery should be debited to the contract by a 
suitable method. The next cost to be included in this head is rental charges, 
maintenance and repair and operating cost of the machinery. 
3.4.7 SUB CONTRACT 
When sub contractor has been engaged due to any reason, payments made 
to the sub contractor forms a direct charges to the main contract account. For cost 
purpose no detailed break up is needed. However, if sub contract has been given 
on cost plus basis then a suitable method should be evolved for checking the cost 
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data submitted by the sub contractor. A watch has to be kept on skills of workmen 
and learning curve performance of the artisans. 
Materials supplied to sub contractor should be charged directly to the 
contract account. Heavy tools and equipment should be supplied to sub contractor 
on a rental basis. Depreciation and rental received will be charged & credited 
respectively or rental should be shown as deduction from sub contractor's bill. 
3.4.8 VALUE AND PROFIT ON CONTRACT 
In large contracts, contractor gets running payment after getting certificate 
from architect or surveyor for completion of work that so much work has been 
completed. This is the unique feature of construction work. A portion of payment 
is retained by owner as a security, called retention money. 
The amount of work certified will be debited to the work in progress 
account and credited to contract account. The work in progress account is treated 
as an asset in the balance sheet after deducting the amount received from the 
owner. The amount received from the owner is treated as advance payment till the 
contract is completed and is deducted from work in progress in the balance sheet. 
At the completion of contract, owner account is debited with the contract price. 
In the ne.xt year the work in progress account is transferred to the debit 
side of the contract account on completion of the contract, owner's personal 
account is debited and the contract account credited. 
3.4.9 WORK IN PROGRESS 
Work in progress can be classified as work certified and work uncertified. 
The work in progress account will appear on the asset side of the balance sheet. 
The cash received from the owner and reserve for contingencies will be deducted 
out of this amount. 
3.4.10. PROFIT ON INCOMPLETE CONTRACTS 
Large contracts take more than one financial year for its completion. Now 
for profit calculation there are two ways either profit is calculated on yearly basis 
and the work in progress at the end of the year, which is to be carried over to the 
next financial year, valued at cost plus as an element of profit. 
The another way to calculate profit on completion of work on net profit 
basis. This method, however results in wide fluctuation in the net profit of 
36 
enterprise from year to year. The year, in which several contracts are completed, 
profit will be too much, on the other hand, profit will be nil in the years when not 
a single contract is fully completed. So this situation calls for computation of 
profit on partly completed contracts and take credit for a part of it in the accounts 
at the year end. 
Between these two extremes some rational way is needed which is as 
under. 
(1) Profit should be considered in respect of work certified only, uncertified 
work should always be valued at cost. 
(2) For contracts, which are in infancy stage, no profit should be computed 
and credited to the profit and loss account as accuracy can not be achieved 
at this stage. 
(3) When the contract has sufficiently advanced i.e. reached to the two third 
stage and work has been certified, profit can be ascertained from the 
certified work. A portion of notional profit is taken to the profit and loss 
account and the balance is carried forward in the same contract as profit in 
suspense as a provision to meet future losses, increase in cost and other 
contingencies. Conventionally, only one third to two third of computed 
profit is credited to the profit and loss account depending upon completion 
stage. The amount of profit to be credited to the profit and loss account is 
ascertained from the formula 
2 . . . , _, - CashRecieved 
— X Notional Pr ofit x 
3 Work Certified 
(4) When the contract is almost complete profit determined from contract 
price, total cost to date and additional amount needed to complete the 
work. A portion of this estimated profit is credited to the profit and loss 
account. This part of profit is calculated from formula 
Value Certified ^ , ^  . ^ ^ 
X Estimated Total Profit 
Contract Price 
(5) The losses if any, should be transferred to the profit and loss account by 
crediting the contract account. 
In accounting of contract, profit earned on contract is reduced 
proportionately by the amount of cash received, otherwise unrealised profit may 
stand for distribution as dividends. All possible losses and contingencies call for 
conservative treatment in accounting before determining profit on contract. 
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3.4.11 COST PLUS CONTRACT 
In cost plus contracts interest of contractor and owner is opposite to each 
otiier, contractor will try to increase cost as much as possible and he is at ease for 
cost consideration. On the other hand owner is interested in lowering the cost as 
much as possible thus owner should always keep an eye on the cost. 
3.5 COST ACCOUNTING TODAY 
Today's economic environment is fluid and volatile. Global competition 
and changing business environment are the major reason for such situation. This 
forces, restructuring of cost accounting and cost management system. 
The time old accounting system may not serve information needs of the 
company on various cost issues. Therefore today's accounting system should be 
flexible enough to absorb following factors. 
(1) Advances in Manufacturing Processes. 
(2) Information Technology Advances (IT). 
(3) Consumer Attitude. 
(4) Global Competition 
(5) Growth of Service Industry. 
(6) Time as a Competitive Factor. 
(7) Total Quality Management (TQM) 
3.5.1 ADVANCES IN MANUFACTURING PROCESS 
The advances in manufacturing process and advent of computer and 
numerically controlled machines (CNC) has changed the finish and performance 
of the product to a superb level. It has a corresponding impact on management 
accounting and cost accounting inventory allocation, variable costing and capital 
budgeting such changes have led to the concept of Activity Based Costing (ABC). 
ABC not only records all the costs but it also takes cognizance of the cost 
of underlying activities and ferret out non value added activities and thus 
enhancing the efficiency of value added activities. 
3.5.2 IT ADVANCES 
Decision of any manager is always based on some information. The IT 
revolution has made possible very quick transmission of information from shop 
floor to head office or from / to any where in the world. A company without a 
good Management Information System (MIS) can not think to survive in today's 
competitive environment. 
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3.5.3 CONSUMER ATTITUDE 
Today even a homebuyer is conscious about the quality of tiie product or 
value of the product purchased. An empirical study conducted in U.S. by Torbica 
and Stroh (1999) confirms that TQM is positively associated with home buyer 
satisfaction, in recent years supplier quality management has emerged as the most 
important factor. Therefore, it can be easily inferred that companies with well 
established TQM programme will have more chances of success. 
Ever increasing competition raises a key question in what way any process or 
activity is valued by a customer. Therefore, accountant and manager refer to set of 
activities needed to design develop, produce, market, and deliver product and 
services to the consumer. These all activities bracketed as value chain. 
3.5.4 GLOBAL COMPETITION 
Few decades ago, foreign firms were not competitors, since the markets 
were separated by geographical distances and territorial boundaries. Today these 
hurdles have been removed because of vastly improved transportation and 
communication. The opportunities offered by global competition has not only 
affected small firms but large firms also. 
Today companies like Proctor and Gamble, Coca Coal are developing 
market segment in China too. Now mobile phone set made in South Korea can be 
delivered in India in few hours. 
3.5.5 GROWTH OF SERVICE INDUSTRY 
Today tired, traditional, smoke stack industries do not merit much in 
importance. In US, service sector comprises three fourth of the economy and 
employment in the service sector in India is also gaining importance day by day 
e.g. introduction of Maruti Car in India has increased the service sector of car 
maintenance enormously. Experts predict that service sector like air line, hotel, 
hospital, private institution will grow in size as long as service productivity is 
increasing. 
3.5.6 TIME AS A COMPETITIVE FACTOR 
There was a time when time was no consideration at all in developing and 
marketing the product. But today companies do deliver goods or services as 
quickly as possible by minimising non value added time on the product i.e. the 
time which is of no value to customer e.g. waiting time, spent by the product at 
loading docl<. Hewlett - Packard had decided to be 50 percent over budgeted in 
development of new product than to be six months late in the market such 
relationship between cost and time is a part of the cost management today. 
3.5.7 TOTAL QUALITY MANAGEMENT (TQM) 
The persistent effort in improving the product quality and minimisation or 
elimination of waste are the twin objectives that govern the excellence in 
manufacturing. The sole objective is product should perform and conform to the 
intended specification. The basic philosophy of TQM is that manager should 
strive for manufacturing environment which will be conducive for workers to 
manufacture zero defect products. Such quality consciousness replacing quality 
attitude of the past. Today even service sector is striving for TQM. 
Accounting procedure and practices can be viewed as a method to record 
transactions which are important to us. In small organisation one person can keep 
track of all the activities but in a large company several persons have power of 
spending and purchasing at different locations. Today we need some standardised 
technique to record, consolidate transactions and data. Such requirement forces us 
to adopt a "'System Approach" to cost accounting to handle the problem. 
3.6. Pricing and Estimate 
In Civil Engineering works, price and estimates are perhaps the first 
document to be prepared before the bidding takes place. There is no doubt that 
estimate is an opinion, price is a policy and cost is a fact. 
Many business manager consider pricing an art but in scholar's opinion, 
pricing is an art as well as science both as it is not just purely based on intuition, it 
is always decided on the basis of some information, analysis and past experience. 
Estimates do vary. So it is true that estimate is an opinion but estimates are 
not blind luck. They are well-thought out decisions based on either the best 
available information, some type of cost estimating relationship or some type of 
cost model. Cost Estimating Relationships (CERs) are generally the output of cost 
models. Typically CERs might be 
(1) A mathematical equation based on regression analysis. 
(2) A cost quantity relationship such as learning curves. 
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3.6.1 GLOBAL PRICING STRATEGIES 
Specific pricing strategies must be developed for each individual situation. 
Broadly two types of situation. Type I situation, in which objective is to win the 
contract or programme and execute it profitably and contract has little or no 
follow on business. In Type II situation, objective is to win the contract and 
perform well, thereby gaining a foothold in a new market segment or a new 
customer community in place of making profit. 
In each situation we have unique pricing approach. Actually effective 
pricing begins a long time before the proposal development. It begins with 
preliminary customer requirement, well understood subtasks and a top down 
estimate which should focus on cost targets. 
This allows the functional organization to design a base line to meet the 
customer requirements and cost targets and gives time to the management, time to 
review and redirect the plans before the proposal is submitted. It also gives 
management an early opportunity to assess the chances of winning, during 
acquisition cycle. 
3.6.2 PROJECT CEILING PRICE 
Ordinarily owner / architect determine ceiling price to use as a basis for 
evaluating the bids. Usually they use historical cost for determining average 
bidding ratio. Recently Wang (2002) has proposed 'SIM UTILITY" model for 
determining project ceiling price and thus easing the project tendering process. A 
high ceiling price is against the owner's interest and low ceiling price can 
jeopardize the project if all bids exceed the ceiling price. A low ceiling price 
creates a risk, that all bids are rejected. This will force reconsideration of 
specification and redesigning and then a fresh start of tendering process which is 
time consuming and at last a delay in project completion date. A low bid winner 
will always cut corners during construction to increase operation margins. 
3.6.3 TYPES OF ESTIMATES 
Project can range from a feasibility study through modification of existing 
facilities to complete design, procurement and construction of a large complex. 
Whatever the project may be large or small, an estimate is needed. 
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The first type of estimate is "An Order of Magnitude" analysis or in 
traditional civil engineering jargon preliminary or abstract estimate. This is made 
without any detailed engineering data. The order of magnitude analysis may have 
an accuracy of ± 35 percent within the scope of the project. This type of estimate 
may use past experience (not necessarily similar) scale factors, parametric curves 
or capacity estimates (i.e. per unit plinth area, cubic content, per bed, per student 
basis). 
The second type of estimate is "Approximate Estimate" (or top down 
estimate), which is also made without detailed engineering, data and may be 
accurate to + 15 percent. This type of estimate is prepared from previous 
experience. Project that were similar in scope, and capacity and may well be fitted 
as estimating by analogy, parametric curves, rule of thumb, and index cost of 
similar activities adjusted for capacity and technology. In such a case, the 
estimator may say that this activity is 50 percent more difficult than a previous 
one and requires 50 percent more time, man hours, rupees, materials and so on. 
The definitive estimate or in civil engineering terminology detailed 
estimate or grass root build up estimate is prepared from well-defined engineering 
data including (as a minimum) vendor quotes, fairly complete plans, 
specifications, unit prices and estimate to complete. It has an accuracy of + 2.5 
percent. 
Each company may have a unique approach to estimating. Many, 
companies try to standardize their estimating procedure by developing an 
estimating manual. The estimating manual is then used to price out the effort 
perhaps as much as 90 percent. Estimating manuals usually give better estimates 
than industrial engineering standards because they include groups of tasks and 
take into consideration such items as down time, lunch and tea breaks. 
3.6.4 ACCURACY OF ESTIMATES 
Accuracy of estimate has paramount importance. Accuracy of estimate is 
measured by the matching performance of estimated cost to the installed cost. 
This depends on four factors. 
1. Who was involved in preparing the estimate. 
2. How the estimate was prepared. 
3. What was known about the project. 
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Other factors considered while preparing the estimate. 
These all types of estimates can be summarized as under shown in Table 3.1. 
Type of Estimate 
Order of Magnitude 
Approximate 
Definitive 
Degree of Variation 
+35 percent 
±15 percent 
±2.5 percent 
Basis of Estimate 
Past experience 
Past experience with similar 
project 
Well defined engineering, 
and managerial data 
Table 3.1: VARIOUS TYPES OF ESTIMATES 
Oberlender and Trost (2001) have developed estimate scoring system to 
measure the impact of these four determinants on estimate accuracy. 
3.6.5 CALCULATION OF VARIANCE 
Calculation of variance for individual activity and for entire project is 
necessary for the better financial planning. Since execution of construction project 
happens at site. Therefore, a number of common uncertainties exist. Recently 
Wang and Huang (2000) have suggested a new approach for calculating variance 
of project cost. They have considered time and cost as random and correlative. 
In scholar's opinion constraint is the integral part of every decision 
making. Recently Rand (2000) has applied theory of constraint and critical chain 
concepts to the problem of project management. It is basically an approach to 
planning with due consideration to resource constraint. It can be very well applied 
to CPM / PERT in a straight forward manner. 
3.6.6 CONTRACT PRICE FORECASTING 
Contract price forecasting is an important area of inquiry. The accuracy of 
forecasting depends on experience of forecaster. Skitmore et al. (1990) argue that 
performance of forecaster also depends on methodology of learning the 
profession. Most of them learn by experience which is also called experimental 
learning style. There is no substitute for experience i.e. more experienced more 
accurate. Moreover, stable market conditions are necessary for accuracy of 
forecasting. 
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3.7 COST OPTIMIZATION: A HUMAN YEN 
Cost has been always a major concern in ail liuman activities. It receives 
more and more importance and attention as long as society and technology 
advances. 
Concepts of cost are universally applicable. A visitor in strange place or in 
a distant country can bargain the prices by using simple economic principles. Cost 
is a simple phenomenon but a harsh fact which is understood everywhere in the 
world. 
In advancing technology of today an accurate estimate is necessary to win 
the contract. An under estimate is a threat to the survival of company itself 
In nutshell cost optimization is desired product of operation research 
where engineering skills and business experience are utilized along with scientific 
principles to the problems of cost, like cost control, profitability analysis, planning 
and scheduling. It also helps manager and engineer in decision making, designing, 
construction and the execution of a project. 
The principle of optimisation or alternative selection or decision making 
was realised by Romans, centuries ago. Which is scribbled on the walls of an 
ancient Roman bath house in connection with the choice of emperor. It read "De 
douous malis is minusest sem perligendum" what this inscription conveys is; 
always choose lesser evil. Even mathematics of optimisation was realised by 
ancients that circle has greatest ratio of area to perimeter. Ancient Greek architects 
had used golden section method in selecting plot sizes to have the most pleasing 
properties of the buildings. 
3.7.1 INHERENT NATURE OF OPTIMISATION 
Optimisation has its root from the household where an Athenian house 
wife manages her budget for frugal comfort with limited slender resources to 
provide the best possible food, clothing and shelter for her family. It permeates to 
large organisation or in every human activity also. Thus, human mind is always 
confronted with problem and so many solutions come to his mind but he always 
selects optimal one. 
Thus, optimization seeps into society and technology fabric beyond the 
vision of common human eyes. 
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Optimisation may be qualitative or preferential like human tastes and 
preferences e.g. selection of right composition of musical notes or quantitative 
which has a mathematical basis like sphere has maximum volume for a given 
surface area. 
Thus the first phase in recognition of problem and second phase is decision 
making or in other words selection of the best action. The two steps taken together 
is called optimisation. 
The third category is economic optimisation where qualitative factors are 
introduced in quantitative way. For example a bridge designer cannot ignore 
aesthetics and beauty of bridge during engineering optimization of bridge design 
for maximum strength. 
An optimization expert is encountered with a number of data and 
alternatives. For example he has to consider cost of site welding relative to cost of 
prefabricated units, extra cost involved for safety of the workers, level of over 
designing to meet future demands. 
Thus we reach on conclusion that optimisation has two broad orientation 
one is managerial and second is mathematical or engineering. The present work is 
focussed on managerial aspect as well as engineering aspect both. 
3.7.2 NATURE OF MATHEMATICAL OR ENGINEERING 
OPTIMISATION 
In broader sense optimization is basically determination of extreme values 
over some range. 
Thus in any business either we maximise the profit or minimise the loss. In 
classical mathematical optimization, one is not much interested in physical 
interpretation of result but in engineering and management without physical 
interpretation result is not of much use. 
There may be situations where mathematics gives certain extreme values 
which are sluggish for practical purposes. For example for maximum strength 
width of the beam should be zero. Is it possible in practice? What a designer infer 
from this result is "width of the beam should be as minimum as possible". Thus, 
physical interpretation or inference is necessary to fully use optimization 
technique. Now, if we examine Figure 3.3 we find that there can be several 
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maximum or minimum in a region. These values may not correspond to feasible 
values. Mathematical extremes happen at point where slope is zero. It is true when 
function is continuous but in practice it may be an inflection point. 
Maximum and minimum point which are not highest and lowest values are 
called local optimal point or relative minima or maxima. Point A is a local 
maxima. Thus it is evident that highest and lowest values may not correspond to 
mathematical optima, even then critical analysis of mathematical optima is pre 
requisite for the study of optimization. 
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A and D Mathematical Maxima 
F Highest Value 
C Mathematical Minima and Lowest Point 
B and E Point of Inflection 
20 40 
Fig 3.3 Different types of extreme values 
In any optimization process problem formulation is an important step. This 
is a major source of error if objective or goal is not clear. After obtaining the 
result, critical review involves. 
(1) Whether the solution is feasible or realizable. 
(2) The solution is really an optimal one. 
(3) In what manner optimal value or how sensitive is the optimal value with 
respect to variation in independent variables. 
The answer may not be feasible due to so many reasons. Usually physical 
or functional barriers may exist. If mathematically we find a plot of 250m'^  is 
optimal area for construction of a particular house but a 1 m wide and 250 m long 
strip also has an area of 250 square metre. Is it a habitable plot? 
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Thus, in practice, data are empirical and also based on parameters which 
cannot be directly incorporated in mathematical equations. Sometimes so many 
parameters involves that conditions of optimality generally become flatter. 
The optimal point may not be global minima or maxima. It may be saddle 
or quasi saddle point such as point B in Fig. 3.3 or it may be local maxima such as 
point A. 
Insight into the sensitivity of the optimal solution is essential. The analyst 
should be well versed with the relative importance of different critical parameters 
which has bearing on the result and simultaneously insignificant parameters 
should be dropped. 
3.7.3 MATHEMATICAL OPTIMIZATION TECHNIQUES 
In the last half century, so many methods and procedures have been 
developed depending upon type of problem. In general all the methods can be 
broadly classified into three categories. 
(1) Analytical 
(2) Graphical or Tabular 
(3) Incremental 
3.7.3.1 ANALYTICAL METHOD FOR OPTIMIZATION 
Let the function 
y =fM 
is to be optimised. The solution is straight forward as it involves only one 
variable. The point where minima or maxima are possible is given by relation 
dy _ d[f{x)] 
dx dx 
= 0 
For using analytical method it is essential that a formulation is possible in 
X and y. the relation may be an exact physical, mathematical, empirical or a 
combination. In optimization, how the relation was obtained is not important, its 
only existence is necessary. 
If the function y = f(x)\s NOT continuous then it will be treated on 
piecemeal basis. 
Sometimes function can take integral values only e.g. number of stories in 
a building but discrete relationship cannot be handled by classical method. 
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Problems involving discrete variable should be treated by the calculus of 
finite difference or a tabular analysis can be done. In certain situation, function of 
discrete variables can be differentiated, treating it as a continuous function but the 
solution obtained needs careful investigation. 
In analytical method sign of second derivative points towards minimum or 
maximum. If second derivative is zero then result is inconclusive. If it is an even 
derivative and is positive for x = X| then it is minimum. At last if it gives negative 
value for x=xi then it represents maxima . 
However in practice, it is very rare that a test beyond the second derivative 
is needed. Another way is to calculate the value of y in the neighbourhood of x = 
X| and make a table or plot to observe the behaviour of y at the X| 
3,7.3.2 GRAPHICAL METHOD FOR OPTIMISATION 
Let a function 
y =f(x) 
is to be optimised within certain range of x, a table or a plot of the function is 
drawn which may be like Fig 3.1. 
A plot or tabular presentation of data gives picture of the objective 
function at a glance. It differentiates mathematical maxima and minima, possible 
highest and lowest values and location of infliction points. It also helps in 
sensitivity analysis of the optimal value. 
Graphical method, becomes difficult for more than one variable but it is 
applicable for n variable also. To study one variable keep («-l) variable as 
constant and vary the «th. It will show effects of «th variable immediately on the 
function. 
In the graphical method we search the optima. On the other hand in 
analytical method the search can be avoided or reduced to some extent. However, 
analytical method should always be coupled with graphical or tabular data for a 
thorough analysis. Ofcourse one cannot deny that analytical methods give 
expression in compact and ready to use form. 
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3.7.3.3. Incremental Method for Optimization 
Incremental method is a very natural or instinctive or very fundamental in 
essence. The process is very simple a variable is changed a little and its effect are 
determined or noticed by observation whether the change is advantageous or not. 
This method is suitable for trial by experiment where uncertainty in 
individual observation is involved , trials are repeated to know probable values by 
means of statistical analysis. Incremental method is basically, an analysis about a 
particular point. It is equally applicable to analytical or tabular data. It can also be 
very well used for continuous as well as discrete variables. 
3.8 SIMPLIFICATION OF MULTIVARIABLE PROBLEMS 
Application of optimization in the field of construction becomes 
complicated as it involves, cost of the capital, functional aspect, engineering 
considerations. All call for feasible optimal recommendations. Therefore, analyst 
must have ability to represent engineering systems in term of model which may be 
based on rigorous mathematics or on empirical relations. 
With the increase in number of variables the scope and complexity of the 
problem increases disproportionately. Therefore number of variables should be 
kept as minimum as possible. This can be done by a simple way, by assigning 
fixed values for some variable from practical considerations. 
If in this process single variable is too restricted then study may not yield 
good results. One should always try to replace tedious expressions with simpler 
one. For example a quadratic expression can be replaced by a linear expression 
wherever curvature is small in the feasible region. 
With the increase in number of variables and constraints, feasible solution 
becomes limited. The optima will have a tendency to grow flatter with a rare 
chance that feasible optimum will be a mathematical optimum. Tlie propensity 
towards flatness is a reality in practical large scale problem. 
Therefore, because of the complexity of the problem, the complete 
optimization of a particular problem may be an extensive project. In such situation 
we think of incomplete optimization which can also be termed as "Sub-
optimisation" i.e. doing optimization in parts, in which few factors which have 
little effect are ignored. 
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Sometimes 'Sub-optimisation' becomes necessary because of time 
considerations. Neitlier problem formulation nor techniques available permit a 
reasonably good solution to the whole problem. In such cases sub-optimisation at 
least gives clues for approaching an optimum. But one should not forget that sub-
optimisation of individual elements will optimize the entire system. Thus it can be 
said that field of optimization is a continuing study as long as techno-economic 
society advances. 
3.9 APPLICATION OF MATHEMATICAL OPTIMIZATION 
Following are the broad areas of mathematical optimization. 
(1) Selection of site for any civil engineering structure like dam, bridge or a 
site for an industry. 
(2) Design of civil engineering structures like bridge, chimney, frames, 
foundation, towers for minimum cost. 
(3) Earthquake Resistant design of structures for minimum weight. 
(4) Shortest route adopted by salesman visiting various cities during one tour. 
(5) Analysis of statistical data and suggesting, empirical models on the basis 
of experimental results to obtain the most accurate representation of the 
physical phenomenon. 
(6) Control of inventories. 
(7) Allocation of material resources or services among different activities to 
maximise the benefit. 
(8) In strategic management to gain maximum profit in the presence of 
competitor. 
(9) In planning controlling and scheduling the project. 
3.10 CLASSIFICATION OF OPTIMISATION PROBLEM 
Optimisation process can be classified in different ways as under. 
3.10.1 CLASSIFICATION BASED ON THE BASIS OF CONSTRAINTS 
If problem has no constraint then it is called unconstrained problem e.g. 
calculate maximum and minimum values of the function 
f(x)= 12x^-45x^40x^+5 
is an unconstrained problem while design of a prismatic beam subject to a limited 
deflection is a constrained problem, 
3.10.2 CLASSIFICATION BASED ON PHYSICAL STRUCTURE OF THE 
PROBLEM 
Optimal control and non-optimal control problems fall in this category e.g. 
design of rocket. 
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3.10.3 CLASSIFICATION BASED ON DEGREE OF EQUATION 
INVOLVED 
On the basis of degree of equation, optimisation problem can be classified 
as linear, non-linear, quadratic and geometric programming problems. This 
classification is valuable from the computational point of view since there are 
many methods which are devoted for efficient solution of particular type of a 
problem. Thus the first step in optimal designing will be to investigate the nature 
of equation of problem encountered. This is necessary to save time. 
3.10.3.1 NON-LINEAR OPTIMIZATION PROBLEM 
Any problem containing non-linear terms either in objective function or in 
constraints is called a non-linear programming (NLP) problem. This is most 
generalised programming problem and all other problems can be considered as 
special cases of the NLP problem. 
3.10.3.2 QUADRATIC PROGRAMMING PROBLEM 
A quadratic programming problem has quadratic objective function and 
linear constraints e.g. problem of product mix involving non-linear objective 
function. 
3.10.3.3 LINEAR PROGRAMMING PROBLEM 
If the objective function as well as all the constraints are linear function 
then mathematical programming problem is called a linear programming (LP) 
problem. Such problems can not be handled by calculus as second derivative does 
not exist e.g. problem of product mix. 
3.10.3.4 INTEGER PROGRAMMING PROBLEM 
A problem which has constraint that design variable can take only integer 
value or discrete values, such problem is called as integer programming problem 
otherwise it is a real valued problem e.g. cargo load planning. 
3.10.3.5 STOCHASTIC PROGRAMMING PROBLEM 
In this programming few or all of the parameter are probabilistic or non 
deterministic in nature. Design of concrete structures where load and strength both 
are probabilistic. 
51 
3.10.4 CLASSIFICATION BASED ON SEPARABILITY OF THE 
FUNCTIONS 
Optimisation problem in whicii objective function and constraint are 
separable or non separable e.g. inventory problems. 
3.10.5 CLASSIFICATION BASED ON THE NUMBER OF OBJECTIVE 
FUNCTIONS 
Depending on the number of objective function to be optimised, 
optimisation problem can be classified as single and multi objective programming 
problems e.g. one has to search for optimal values which satisfies more than one 
objective function e.g. design of structure for economy as well as earthquake 
resistant. 
3.10.6 CLASSIFICATION BASED ON ACTIVITY AND EVENTS 
Critical Path Method (CPM) and Programme Evaluation and Review 
Technique (PERT) are network methods which are useful in planning scheduling 
and controlling a project. These methods are called network methods since in both 
the methods, various operations are necessary, to complete the project and the 
order in which the operations are to be carried out are shown by a graph or sketch 
called a net work. CPM is useful for projects in which the duration of the various 
operations are known exactly. Whereas PERT is designed to deal with projects in 
which there is uncertainty regarding the durations of various operations. 
3.11 LAGRANGE MULTIPLIER TECHNIQUE 
The technique named after its inventor Lagrange (1736-1813), a 
phenomenal Italian French mathematician. This technique is a power full tool and 
can be said as gateway to modern optimization techniques or a connecting link 
between classical and modern optimization techniques. 
To understand Lagrange Multiplier technique scholar finds pertinent to 
understand first optimisation of a constrained problem by simple calculus. 
Presence of constraint, immediately reminds us to search those points 
where constraint equation is satisfied. 
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Let us consider the minimisation of the function 
/ (A: , ,A- , ) -0 (3.1) 
Subject to constraint 
g(x| ,x,)-0 (3.2) 
In any optimisation problem, the first step is to reduce the number of 
variables as minimum as possible. So with the help of constraint equation one 
additional relation is available. Let it gives 
x,=h{x,) (3.3) 
Substitution of this relation in objective function gives 
(3.4) 
A necessary condition for function to have minimum or maximum at some 
point (x\*, X2*) is that, the total derivative ofJ{x\, X2) w.r.t. X] must be zero at (.vi*, 
X2). The total derivative ofJ{x\, X2) may be written as 
df{xt ,x^) = -—dx^+^ dx, 
ox, 0X2 
and the total derivative as 
df{x,,x,) ^df{x^,x,) ^ df{x„x^) 
dx, dx, dx. 
dxj 
dx, 
The total derivative dfdx\ has to be zero for minimum or maximum 
df{x^,x,) ^ df{x,,.Y,) ^ df{x,,Xj) 
dx^ dx^ dx-, 
dXj 
dx, 
=0 
(3.5) 
(3.6) 
(3.7) 
This gives relation 
df = ^dx^+-^dx, =0 
5A-| dx2 
Since from constraint equation gix]\ X2) = 0 
(3.8) 
Now at the point of minima any variation in dx\ and dx2 taken about the point {x\\ 
X2) i.e. in the neighbourhood of xi and X2 is logical and admissible if they satisfy 
the constraint equation. 
glx;+dx,](x;+dx,)}=0 (3.9) 
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The expansion by Taylor series of equation (3.9.) gives 
g{(xl + dx, \ (x] + dx, )} = g{x'' -^ 2 ) + ^ (^ 1 ' ^2 K , + ^ (^ 'l ' ^2 K 2 = 0 
(3.10) 
g(x]\ X2') = 0 from the constraint relation g(x\,X2) = 0 
Thus equation (3.10) reduces to 
^x^ 9A:, 
or 
^dx,+^dx,=0 (3.11) 
Sx, 9J:2 
at {x]', X2*) which is none other than the expression of total derivative of 
dg = ^dx,+^dx^ 
9X| 9x, 
constraint equation g{x\, .xi) = 0 
Thus, for all admissible variations of.vi'and x:* relation (3.10) should be satisfied. 
g{XuX2) = 0 
Thus for optimal values of .vi and X2 
dg = -^dx,+^dx,=0 (3.II) 
9A-| OX. 
Thus we conclude that for optimal value the total derivative of objective 
function as well as of constraint equation both should be zero. 
Equation (3.11) can be rewritten as 
5X| 
c/x, = — i - dx, (3.12) 
- dg_ 
9X, 
at (xi*, X2*) provided Sg/dvi is not equal to zero. 
With the help of equation (3.8) & (3.12) we can very easily replace dx2 
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^^ 5 / ^ dx, df , 
dx, dg^ dx, 
dxj 
Since dx\ can take any value other than zero, thus 
^_dx^¥_ 
SY, dg dx, 
dx^. 
= 0 
or 
df dg dg df . 
—— 2 . - ^ = 0 (3.13) 
etc, dr, dV| fix. 
The unique feature of equation 3.13 is, it establishes a relation between 
objective function and constraint equation. 
Now it is clear that the computation of constrained derivatives is an uphill 
task and may be cumbersome for problems having more than three constraints. 
Thus the method of constrained variation, although happerts to be simple in 
theory, is very difficult to apply in actual problem solving, since the necessary 
determinant is of the order of/» + I where m is the number of constraints. This is 
the reason why method of Lagrange Multiplier is more commonly used to solve 
optimisation problem of multivariable with equality constraints. 
If we examine the relation 
^_dx^^ 
dx, dg_ dx, 
dx. 
= 0 at(.v-,*, A-2) (3.14) 
Put 
dg^ 
dx. 
Then we get. 
^ = A (3.15) 
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dx /l = ^ (3.16) 
^ _ 
^X^ 
What Lagrange did, he observed derivative about X| and did a 
manipulation with constraint equation by multiplying with a coefficient X and 
adding to the objective function. 
Thus, framing auxiliary equation 
l(x,,x^,X)-- /(.v,,.V,) + Xg{x^.^2) (3.17) 
where g(xi,A-2) = 0 
Now differentiate the above auxiliary equation with respect to .Y| and 
^jkl2hA = ^^p,^=Q / ( x „ x J + Ag(A-„jcJ at (A,: A2*) which 
5X| ^x^ dv. 
3 - dx 
Which is same result as obtained before in equation 3.14 
If we examine our constrained optimisation problems where 
Objective function 
/=/-V,,X2) 
Subject to constraint 
g(A-.,.V2) = 0 
if we multiply constraint function by X and add it to objective function we 
will have the same auxiliary equation as given in Equation 3.17. 
Now any value of X|, xj, which satisfy for a given value of A will also 
satisf) XA'i,Jf2) and g{x\, xj) functions. 
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Now optimisation of auxiliary equation wiiich is modified objective 
function is straight forward lilce optimisation of a plain optimisation problem. This 
leads to equations. 
dLldK\ = 0 c'L/3c2 = 0 
t^L/M = g(.vi, X2) = 0 which is constraint equation itself gives optimal 
value. 
Solution of these equations gives values of xi and X2 which may give 
minima or maxima. Substitution of these values in objective function yields 
minima and /or maxima. This mathematical equation was developed by Lagrange 
and the method was named after him. 
Thus, we conclude that by putting partial derivatives of Lagrange function 
L{x\, X2, A) with respect to each of its derivative equal to zero. The necessary 
condition given by equations 3.11 and 3.12 can be obtained in a straight forward 
manner. After this, solution involves, determination of values of variables, jci, 
jC2....etc. and value of A with the help of constraint equation. Now the values of 
variables are put in objective function and corresponding maxima or minima is 
obtained. 
3.12 OPTIMIZATION OF MULTIVARIABLE FUNCTION WITH 
INEQUALITY CONSTRAINT 
Consider minimization of a function 
JIX) subject to constraint 
gj (X) < 0. where J = 1, 2, m 
Inequality constraint can be changed into equality constraint by adding a 
non-negative slack variables;^/ as 
gj{X)+yj-= 0 WhereJ=l,2, m 
Now we have introduced one more variable yj. Now the problem is in a 
form which can be treated by Lagrange Multipliers by considering two sets of 
constraints [J\] and [J2] where J] and J2 represent set of active and inactive 
constraints respectively. The final result we get as under. 
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dx^ ^ ' dx, 
This is called Kuhn-Tucker condition. It is necessary condition to be 
satisfied at a relative minimum of j{X). These conditions are general but not 
sufficient to ensure a relative minimum but there is a set of optimisation problem 
called convex programming problem for which the Kuhn-Tucker conditions are 
necessary and sufficient for a global minimum. 
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CHAPTER-4 
RESEARCH METHODOLOGY 
4.1 INTRODUCTION 
Research in its original spirit can be referred as finding of a fact or ruling out 
possibilities causing doubts. Research can also be defined as a scientific systematised, 
careful study to gather information on a specific topic. Webster New Word Dictionary 
(pp. 756) defines research as careful patient study in order to find out facts and principles 
about some subject. Redman & Mory define "research as a systematized effort to gain 
new knowledge". Research can also be considered as a movement or crawling from 
known to unknown. The instinct or desire to know more and more can be considered as 
the invoking factor for the advancement of knowledge, which can be termed as research. 
Academic research comprises defining and redefining problems, formulating 
hypothesis or suggest solutions, collecting, organising and evaluating data, making 
induction and deductions and reaching on conclusion and at last testing the conclusion to 
determine whether they fit the formulating hypothesis or not. D. Slesinger & M. 
Stephenson in the Encyclopaedia of Social Sciences define research as "the manipulation 
of things concepts or symbols for the purpose of generalising to extend, correct or verify 
knowledge whether that knowledge helps in construction of theory or in the practice of an 
art". Research is thus an original contribution to the existing stock of knowledge or 
paving a way for its advancement. It is for the search, in pursuit of truth with the help of 
study, analysis, thinking, survey and experiment. In short the search for knowledge 
through objective and systematic method for finding solution to a problem or to make 
certain generalisations for some theoretical formulations. In scholars' opinion the desire 
to know more about something is the biggest motivating force for a true researcher as 
"knowledge has a value when you know it". This philosophy is the biggest motivating 
force for research. 
4.2 TYPES OF RESEARCH 
In scholar's opinion so many intentions lead to same action i.e. any research 
problem can be handled in so many ways. It is the objective of researcher and nature of 
the problem that fixes orientation of the research and fixes the skeleton of research 
design. A broad classification of research may be as under. 
(1) Conceptual Vs Empirical 
(2) Applied Vs Fundamental 
(3) Descriptive Vs Analytical 
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(4) Evaluative Vs Non evaluative studies 
(5) Field Vs Non field studies 
(6) Historical studies (Case Studies, Surveys. Experience based) 
(7) Laboratory Research 
(8) Quantitative Vs Qualitative 
(9) Simulation Research 
(10) Time Dimension 
(a) One time cross sectional Studies 
(b) Longitudinal and panel studies 
(c) Trend studies 
Every research falls under one category or the other. In profession like medicine, 
business, there is some finding and conclusion based on practice of the profession for the 
years. So research can also be classified as conclusion oriented and decision oriented 
research. A researcher is free to pick up a problem, redesign the enquiry as per suitability 
and is free to conceptualise as he wishes. Decision oriented research always serves for 
need of a decision maker and the research in this case is not free to embark upon research 
according to his own inclination. Most of the managerial research or operations research 
is an example of decision-oriented research. Since it is a scientific method of providing 
information to executive departments with quantitative basis for decisions, regarding 
operations and activities under their control. 
4.3 MANAGERIAL RESEARCH 
In real world we come across different problems posing the questions like 
What should be done? What is the best? 
What is optimum? 
To answer such questions we go in the theoretical world from real world. After 
applying all sorts of available knowledge, we come back in real world with a solution or a 
recommendation for the better management of the business or issues. This philosophy is 
shown in Figure 4.1. 
The great management guru Peter F.Drucker writes in his book 
"The half of 2(f'' century has witnessed rapid growth in size and 
complexity of industrial organizations. Industrial and business activities 
have achieved unprecedented growth. The size of business has registered 
gigantic growth in modern age e.g. Rockefeller's giant Standard Oil Trust 
was split into fourteen parts by. the US Supreme Court in 1911. Thirty 
years later, on the eve of America's entry into World War II, every single 
one of these fourteen standard oil daughters had become at least four 
times as large as the octopus when the Supreme Court divided it in 
employment, in capital, in sales and in every other aspect". 
Research World 
All types of 
thinking, 
experimentati 
on, trial & 
error, logic 
application, 
cross 
fertilization of 
knowledge 
Solution 
not found 
Theoretical World Real World 
Search for Solution 
Apply 
All types of knowledge, 
analytical, tools, past 
experiences 
^ 
Solution doesn't exist 
i 
Solution 
found 
PROBLEM 
Poor Sales 
Absenteeism 
Management 
Employee Conflict 
i 
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Solution Exist 
w 
Back to real 
world with 
recommendat 
ion 
Fig 4.1 : THE PROCESS OF RESEARCH 
Such large organizations can only be managed by knowledge and only in large 
organization there exist plentiful opportunities to make a living through knowledge, to 
make a contribution to organisation through knowledge and to achieve goals through 
knowledge. This plain truth forms the basis for managerial research. Thus, managerial 
decision affects big magnitude of capital and large number of people. Today, therefore 
mistakes would be very costly. A single wrong decision may need years for rectification. 
Moreover, decisions have to be quicker than ever before. Postponement of decisions or 
delay in decision or wrong decisions is equally costly because competitors would not 
hesitate to take advantage of this rare opportunity. 
No company can afford trial and error approach. Accurate and timely decisions 
based on facts and figures are corner stone for the success of a business organisation. 
Business decisions need latest knowledge based on facts and findings. 
In developing countries like India where capital is scarce and govt, is trying to 
provide basic amenities like food, water, shelter, transport, electricity to improve the 
quality of life of masses, these exigencies need new knowledge and technology to 
improve the productivity, production and distribution of goods and services. This will 
happen only through managerial research. 
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4.4 THE INHERENT NATURE OF MANAGERIAL KNOWLEDGE 
Like the knowledge of other profession, management is also a blend of science 
and art both. It uses knowledge and skills of other disciplines also. Let us examine its 
characteristics one by one. 
When we are dealing with production or optimising any system we need 
knowledge from pure and applied science, mathematics and engineering. 
When we are dealing with employees or studying taste and preference of consumer we 
need knowledge from social sciences. 
When we are dealing with finances we need knowledge of financial accounting, 
laws of income tax and knowledgeof stock exchange rules and regulations. 
Thus, the knowledge of management is combination of science, arts, commerce, 
social sciences, and engineering and of course a well developed common sense. 
Thus, management knowledge is an approximate knowledge where two plus two may be 
four or less than four or greater than four. 
Thus a true manager has lustre of specialized knowledge over a generality base. 
Parochial approach does not give good solutions to problem. 
Like any other profession practice of management is also an art, which calls for intuition, 
personal judgement, experience and above all the human wisdom. The research in 
management is mostly for specific purpose and that is by and large result oriented or 
decision oriented 
4.5 OBJECTIVE OF MANAGERIAL RESEARCH 
Before starting any research work the very objective of the research should be 
very clear. Managerial research can have so many objectives. Few can be listed as under: 
(1) Consumer satisfaction objective 
(2) Corporate image objective 
(3) Cost Reduction objective 
(4) Decision making objective 
(5) Evaluation and appraisal objective 
(6) Fact finding objective 
(7) Optimizing objective 
(8) Policy making objective 
(9) Problem solving objective 
(10) Product development objective 
(11) Profit making objective 
Objective works as a beacon once the objective is fixed, the next step is the 
"research design'. 
62 
4.6 APPLICATION OF MANAGERIAL KNOWLEDGE 
In scholar's view every knowledge or profession lias broadly three dimensions 
viz. science, art, and commerce. The first dimension is science of the profession, which 
can be very well learnt from books in the library and in the classrooms. 
The second dimension is art of the profession, which uses scientific knowledge 
and can be learnt by practising the profession and by critically analysing the result. The 
third dimension is the commerce of the profession, which is learnt and understood when 
one, enters in business of that profession. 
However managerial knowledge and skills are applicable to all types of activities 
but managerial knowledge is mainly directed towards business and commerce. Thus 
knowledge of management has diversified use in all walks of life. 
4.7 UTILITY OF MANAGERIAL RESEARCH 
Now it is needless to emphasise the need of managerial research. For a manager it 
is not necessary that the finding or created knowledge by research should be applied in 
that very form. The purpose of managerial research is to train the manager's mind fit for 
analysing the issue, systematise the thing and observe the things. Utility of managerial 
research can be briefed as under: 
1. Research is an aid to decision making. 
2. Research facilitates the process of thing, analysing, evaluation and interpretation of 
the business environment. 
3. Research assists in the development of new products and improvement of old 
products. 
4. Research helps in identifying problem areas. 
5. Research not only establishes the relationship between variables in each functional 
area but between various functional areas as well. 
6. Research provides the basic material for forecasting. 
7. Research reinforces the performance of all the management functions by providing a 
data base and analytical support. 
8. Research assists in optimal utilisation of resources. 
9. Research supports marketing and market analysis. 
10. Research is the basic aid to management information system. 
A number of persons think that research does not serve any specific purpose in the 
management of business because they are not ready to assimilate new knowledge and 
managerial techniques, as they usually do business in traditional way e.g. merchandising 
people do a routine type of activity for which no research is necessary. Management 
research needs where human judgement is needed. One cannot deny that sometimes 
research done suffers from many shortcomings, which prevent the decision maker, not to 
re!\ upon it. 
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However, with all its inherent limitations, research plays a vital role by and large 
in the growth of any systematic body of knowledge. However, latest research and 
development are indispensable tools of effective decision-making. 
4.8. STATEMENT OF RESEARCH PROBLEM RE-STATEMENT OF A 
MANAGEMENT PROBLEM 
It is the first step in managerial research to identify the problem area and the 
actual problem. The second step is fixation of the objective of research. The third step is 
break down of the research problem into a format, which will provide a basis for further 
research process in a suitable way, as a mathematician converts problem written in a 
statement into an algebric expression. In social sciences according to Clifford Woody 
research comprises defining and redefining the problem. 
After redefining the research problem the next step is research design. In pure 
subjects problem is based on academic considerations only while research in professional 
area like management, problem is based on needs, objective, real world consideration and 
goals of the particular organisation. 
4.9 RESEARCH DESIGN 
Research in management is mostly result oriented and its prime objective is to 
serve a specific purpose. Thus, research design of management problem should be very 
precise and to the point. Like any other field, there is no substitute for experience in 
management research too. 
Various types of research have already been discussed in detail. Research design 
depends basically on the type of research. Various important issues related to managerial 
research design being summarised as under. 
(1) Limiting the number of factors to be studied. 
(2) Variations in observations 
(3) Variations in situations 
(4) Future variation in research design 
Once the variables have been identified the next step is to limit the number of 
variables. More are the variable more will be the amount of work. So number of variables 
is governed by time, money and facilities. Any variable can be very easily removed 
depending on the nature of particular study. 
Variations in observation sometimes hinder the preparation of an accurate 
research design. The merit of observation of one situation by different people may differ; 
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this will certainly affect the result. To minimise this effect number of observation should 
be large enough. 
The variation in the situation has importance in research design if any 
generalisation has to be made on the basis of the study. 
A cushion in research design is necessary to accommodate any change in the 
variables. It may happen that a variable seems to be very relevant at the design stage and 
was found irrelevant or having little bearing on later stage or a later stage this was thought 
that inclusion of particular variable is necessary the research design should be flexible 
enough to meet the requirement. 
4.9.1 RESEARCH METHODOLOGY USED 
Like every research work, the present work also begins with the literature review, 
a number of books and journals were thoroughly scanned. 
What scholar has found that every book or paper discusses only one part of the 
problem? 
If we take books of civil engineering design the word 'COST' is very much 
missing. If we take books of structural optimisation only structural design aspects is 
discussed and that is too in terms of mathematical optimisation, usually ignoring field 
conditions. 
If we take books of operational research, there is emphasis on production part 
only. 
If we examine cost engineering and cost accounting books, we come across the 
books discussing commercial aspects only. 
Scholar has discovered that not a single book covering all the aspects of cost 
optimisation of civil engineering construction is available in the present stock of 
knowledge. In the present work scholar has tried to fill up this gap. 
The present work is aggregation of knowledge scattered in different books and 
journals. This aggregation of knowledge has been further reinforced with scholar's 
technical and managerial experience of construction practice and consultancy rendered in 
last twenty years. The data used in present work to support the study is secondary in 
nature. 
4.9.2 OBJECTIVE OF PRESENT WORK 
Following are the objectives of present study. 
(1) To discover the area or various aspects of construction which affects costs and 
needs thorough investigation. 
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(2) To discover total picture of construction industry in India. 
(3) To compile a document or a handbooi< wiiicli engineers, managers and layman 
also can use in reducing cost of construction. 
(4) Lastly, to present a philosophy or guidelines or model for those who want to earn 
maximum profit from construction business. 
4.10 REVIEW OF LITERATURE 
4.10.1 INTRODUCTION 
The cost optimization is a generalized concept. It has versatile application in all 
walks of life involving cost. The application of cost optimization in construction activit)' 
in India has been realized in recent years due to global competition in infrastructure 
development. 
In order to know what is already or what knowledge known and exist. Thereafter 
to find a research gap in this very area a thorough review of literature has been done as 
under. 
4.10.2 FAILURE OF CONSTRUCTION COMPANIES 
Construction business failure has been mainly addressed from the accounting 
perspective for developing empirical models. [Russell and Skibniewski, 1988; Russell, 
1990a], or for predicting the failure [Russell, and Jaselskis, 1992; Langford et al. 1993; 
Russell and Zhai l996].The problem has also been addressed from legal perspective 
[Russell and Casey 1992]. Kale and Arditi (1998) have investigated the issue from 
organizational theory perspective. They point towards, newness, adolescence and 
smallness of company as major causes of failure. For such failures both internal as well as 
external factors are responsible. Any laxity or ambiguity in understanding of such factors 
in infancy period of the company intrude in the way to compete effectively with old 
organizations in turn jeopardizes the survival of newly established firms. Those are called 
liability of newness Stinchcombe (1965). 
In Indian context a lot is to be done in the direction of construction business 
failures as authentic records on such issues are not available before hand in India. 
However causes will be similar to US. In scholar's opinion it is important for small 
construction companies to learn from failures rather than from success stories of the big 
companies. 
In inhibitive Indian society a discussion on failure is considered as a matter of 
disgrace. So the true reasons for the failures of a particular company ordinarily never 
comes in public. So in Indian context a thorough study on the failures of construction 
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business is necessary. Tiiis is the reason that invoked the scholar to give thought to this 
issue. 
4.10.3 THE PROFESSIONAL CONSTRUCTION MANAGEMENT 
The traditional approach to management in construction places greater emphasis 
on the ability to plan and execute the project in industry and academia both. This gives a 
very parochial view of total construction activity. In contrast strategic management has 
not received much attention in the construction industry when one takes a broader view of 
construction activity then strategic management becomes an essential issue for the 
construction organization. In coming future shape of the thing will certainly change 
because of customer delight, fast technological and social change. 
Chinowsky, and Meredith (2000) have introduced the concept of strategic 
management and discovered the areas on which organization should \vork to compete in 
global market place. 
Although this study is based on top 400 contractors working in US but 
recommendation are general which any company irrespective of place can use for its 
organizational development. A two step strategy has been recommended first in 
identification of gap and next step is process of filling this gap. This paper reports seven 
strategic management areas of importance to achieve a long term vision. 
The just-in-time (JIT) philosophy has potential for promoting the movement of 
precast concrete components from the prefabrication yard to, and within the construction 
site. The constraint of storage space and congestion at the work site can be alleviated. 
Pheng and Chuan (2001) have done an empirical study, which suggests means, and ways 
to adopt JIT programme by contractors. The finding suggests that contractors are by and 
large obsessed b>- price and they generally overlook broader picture of the total cost. 
Only few respondent showed an interest in JIT deliveries as a cost saving management 
system. On the other hand precast fabricator are better prepared to provide logistic 
support for JIT deliveries. A system of cost sharing for the fruits of JIT by contractor and 
caster can popularize JIT system. 
The just in-time (JIT) philosophy can be applied for logistic management on work 
site to help in raising productivity levels (Low, 1992; Low and Chong 1999, 2000). 
JIT can be implemented on construction site by delivering the material on the site 
on the day of consumption or the day before (Lim and Low, 1992). 
Bertelsen (1995) reported a 10% increase in the first phase of social housing 
project in Denmark by experimenting the use of JIT approach in building logistics. An 
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increase of 7% was recorded in the second phase of the project. Low and Chan (1996) 
examined the use of JIT for process layout in precast concrete production and found 
potential in JIT for enhancing productivity of prefabrication sector. 
Low and Mole (1999) suggested a more practical application of JIT principles for 
site layout in reducing and minimising the occurrence of waste and concluded that 
Kanban or "pull production" system can be modified for use in ordering and delivering 
materials to the site. 
The survey findings suggest that it will be too idealistic to strictly implement JIT 
deliveries. There appears to be lack of mutual confidence between the precasters and 
contractors in implementing the JIT system of delivery. Scholar is of the view, to solve 
this problem: precasting unit should be owned by the contracting company itself 
Edum-Fotwe and McCaffer (2000) explored the need for developing competence 
in project management specific to the construction industry. Today construction managers 
have to adapt themselves to the changing industry environment with the help of 
knowledge and experience acquired in the past. Such adoption is necessary to prepare 
training programme of future managers as well as for the training of existing staff and to 
decide future HR policy of the organization. They argue that traditional engineering 
orientation is neither sufficient nor adequate for today's construction project manager. 
They further recommended that in depth diversified knowledge and skills are essential for 
developing project management competence. 
A construction managers constructs physical structure within the constraint of 
cost, schedule, quality and safety requirement at individual level in form of houses and 
dwelling and infra structure for the country. 
In the beginning of 1990 (Gretton, 1993) construction business faced recession. 
This situation led to increased competition. This increased risk to contractors (Bedelian, 
1996). This raised the question on traditional philosophies and principles associated with 
management process and business practices (Hayden, 1996). So role of CM is no more 
confined to technical content only (Ceran 1995; Russell, Jaselski and Lawrence, 1997). 
In this paper they have concluded that on job training of CM is necessary to fulfill 
his additional responsibility and to face challenges of today. 
Professional construction management is necessary to serve in global competition 
economy which is full of information explosion, everyday a new technical advancement, 
over and above englightened customers are ground conditions, forces, adoption of 
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professionalism in construction business irrespective of place i.e. witiiin the country or 
overseas. 
Every experienced manager would agree that there is no single formula or solution 
to the success of business. In nutshell what is important "development of wisdom" of 
managers. To achieve this objective, learning of new concepts like total quality 
management (TQM), management by projects (MBP), business process re-engineering, 
value engineering / management (VEATvI) and international standards organisation (ISO) 
quality management system models is necessary. 
Today quality management is the most embarking concept. A typical definition 
for TQM as used by Sharad and Sulimani (1994) is: 
A cooperative form of doing business that relies on the talent and capabilities of 
labour and management using team work, to continually improve quality, economy and 
productivity to complete satisfaction and delight of customer. 
This definition embodies three basic ingredients of TQM. 
1. Participative management and teamwork. 
2. Continuous process improvement (higher quality, lower cost), and 
3. Customer satisfaction and delight. 
Today management knowledge is flooded with new management concepts and 
new recipes for success. Every concept has a bias. TQM has customer satisfaction bias, 
MBP focuses on PM methodology, BPR calls for radical change, VEA^M is a design cost 
/ quality based problem solver and ISO 9000 monitors procedural quality discipline. 
PCM recognises and uses essence of all these new management concepts to 
remain competitive in quality and cost and at the end earns profit through completed 
facility from satisfied and delighted customer. 
The project management and construction activity has very intimate relationship 
like bodice and hem. So many books and literature is available on project management. 
Firstly the approach adopted in these books is not specific to construction. Secondly, no 
emphasis is given on cost. 
These deficiencies invoked for the investigation with the sole objective of cost 
optimization in construction projects, which is very much different from assembly line 
production. 
4.10.4 THE COST ESTIMATION 
A correct estimation of activity duration by identifying minimum, most likely and 
maximum values is of vital importance. Recently, Back, Boles and Fry (2000) have 
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defined triangular probability distribution for iiistorical cost data. The historical data is 
used to construct triangular density function to represent uncertain activity duration. In 
this paper a methodology has been developed to generate test data to compare three 
methods of parameter estimation, maximum likelihood, moment matching and least 
square curve fittings technique to produce more accurate parameters estimates. Maximum 
likelihood estimate yields less accurate result while optimized moment matching and least 
square curve fittings techniques give more accurate parameter estimates. Least square 
method is better method compared to optimized moment matching technique that is the 
reason to use the same in projects. 
Determination of exact cost or exact estimates in civil engineering works before 
hand is a difficult task because of inherent nature of civil engineering works. Thus such 
estimation needs probabilistic treatment Spooner (1974). Range estimating has become an 
accepted tool in the cost engineering profession. In range estimating cost items are 
assumed to be random variables rather than known parameters which in turn will result 
probable distribution of cost. With the help of this distribution estimator can define cost 
estimate values with a prescribed level of confidence. This is a helping tool for preparing 
estimates and for managing resources. The standard technique ernployed for range cost 
estimate is Monte Carlo simulation. 
Range estimating approach ordinarily uses historical cost data but it must be 
appropriately adjusted for location and time lapses. In nutshell real world data should be 
made as accurate as possible to minimize bias and error into the estimating procedure. 
The least square minimization method is best suited for the automated cost estimating 
system. 
4.10.5 THE COST FORECASTING 
A study on human side of forecasting has been done by Lowe and Skitmore 
(2001). 
This paper is based on fully structured interview survey conducted on experienced 
construction contract price forecasters. The objective of research was to investigate a 
relationship between the accuracy of early stage forecast and experience. Here the 
experience measures forecaster's length of service and the number of forecast prepared. 
The learning style and ways of learning of forecaster has also been considered. The study 
shows that no significant correlation were found between forecasting accuracy and the 
experience measures used except for the approaches to learning dimensions labelled risk 
taking traits, insecurity and self confidence. The dimension of insecurity and self-
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confidence suggest that balanced forecasters in other words who were neither insecure 
nor overconfident produce more consistent forecasts. The risk taking dimension suggest 
that high risk takers tend to underestimate whereas those who are more conservative tend 
to overestimate contract prices. 
Construction contract price forecasting is an important area of inquiry. So many 
empirical studies have been done in past notable are Skitmore et al (1990) who argue that 
performance of forecaster also depends on methodology of learning the profession. Most 
of them learn by experience Kolb (1976, 1984) which is also called experimental learning 
style. 
This paper reports an investigation into relationship between experimental 
learning and early stage construction contract price forecasting accuracy. 
There is no substitute of experience in construction price forecasting. This has 
been confirmed by various surveys [Ashworth and Skitmore 1983; Grieg, 1981; 
Ogunlana, 1989; Oteifa and Baldwin, 1991 and Fellows 1996]. It has been also found that 
more experienced means more accurate. 
A few adhoc theories have also been proposed. Morrison in (1984) suggested that 
increase in forecasting accuracy is dependent upon the means through which knowledge 
and experience was gained on the previous project. 
Investigators Brandon and Newton (1986), Brandon et al. (1988) and Brandon 
(1990) have explored the possibility for developing an expert system for price 
forecasting. 
4.10.6 ACCURACY OF COST ESTIMATE 
The accuracy of estimate has a paramount importance. Accuracy of estimate is 
measured by the matching performance of the estimated cost to the installed cost. The 
accuracy of early estimate depends on four factors. 
1. Who was involved in preparing the estimate? 
2. How the estimate was prepared. 
3. What was known about the project? 
4. Other factors considered while preparing the estimate. 
In this direction recently a study has been done by Oberlender and Trost (2001). 
This paper presents result of a research effort that developed an estimate scoring system 
to measure the impact of these four determinants on estimate accuracy. 
The estimate scoring system consists of 45 elements and is organized into 4 
divisions. Data were collected from 67 projects representing $ 5-6 billion in total installed 
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cost and these data have been used to correlate the estimate scores with estimated versus 
actual cost. A computer software Estimate Score Program (ESP) has been developed to 
automate the scoring procedure, assess estimate accuracy and predict contingency based 
on historical cost data. Estimator can enter the base estimate into ESP and then rate the 
estimate relative to each of the 45 elements. ESP on its own calculates the estimate score 
as the user rates each element. Using historical database can also make a comparison of 
similar projects. ESP can also generate a cumulative S curve. The user can also predict 
cost range i.e. upper and lower limits of a desired confidence level. ESP can be used to 
"check" the amount of contingency determined by other methods as well as a method of 
predicting its own contingency. The data obtained through questionnaire has been 
analysed by multivariate regression to determine the relative weight of each element in 
the estimate score procedure. On the analysis of data it has been found that, there are 11 
factor groups that impact estimate accuracy. In these element factors, five are most 
critical factors. 
1. Basic process design. 
2. Team experience and cost information. 
3. Time allowed to prepare the estimate. 
4. Bidding and labour climate. 
These five factors jointly represent 23 of the 45 elements and account for almost 
76% of the estimate score. 
4.10.7 THE CEILING PRICE 
Before floating the tender it is obligatory upon owner to determine project ceiling 
price or cost estimates to use as a basis or reference point for evaluating the bids. A high 
ceiling price hits the owner's interest of cost optimization. On the other hand low ceiling 
price can jeopardize the project if all bids exceed the ceiling price. Therefore architect and 
owner have to reach an optimal ceiling price, which is acceptable to both parties. 
Recently Wang (2002) has suggested a model for determining a reasonable project-
ceiling price. The proposed model SIM-UTILITY is based on a utility theory and 
facilitated by a cost simulation approach. The utility theory is applied to reflect the 
owner's preferences regarding the determination criteria. Simulation approach is used to 
generate more objective project cost data to support execution of the utility theory. The 
SIM UTILITY model has been successfully applied on construction projects in Taiwan. 
A higher ceiling price, allows to earn excessive profit by the successful bidder on 
the other hand low ceiling price creates a risk that all bids will be rejected. This will lead 
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to withdrawal of project for redesign or reconsideration. A fresh start of tendering process 
is time consuming and increases owners liability for delays in the project completion 
time. After winning the contract at low ceiling price contractor will cut corners during 
construction to increase operating margins. Historical cost of projects gives some basis 
for determining average bidding ratio. 
Most owners ordinarily make a decision based on gut feeling. Although average 
bidding ratio , is inferior to more systematic evaluation method. This ratio tends to be 
unrealistically low especially in a slow construction economy when bidder tends to 
propose unsustainably low bids simply to get a contract. One more drawback in this 
approach is lack of consideration for uniqueness of particular project. A model with 
strong evidence for ceiling price determination can serve as a justifiable basis for 
professional decisions. 
Most of the researches in recent years (Carr, 1987; lonnou, 1988; Moselhi 
.,Hegazi„ and Fazio. 1993; Dozzi et al. 1996; Fayek, 1998; Crowley and Hancher 1995, 
Crowley 1997) have either focused on bidding models for bidders or on the evaluation of 
competitive bids. None has touched the ceiling price problem. 
The proposed model "SIM-UTILITY" is a systematic model for determining 
project ceiling price and thus assisting the project tendering process. 
4.10.8 THE KEY PERCFORMANCE INDICATORS 
There is a dire need in the construction industry for identifying a set of common 
indicators to be used by construction executive for measuring construction performance at 
the project level. Recently, Cox, Issa and Ahrens (2003) have studied quantitative as well 
as qualitative performance indicators. The study is based on surveys. Analysis of data has 
shown the key performance indicator (KPls) vary according to management's 
perspective. Further analysis points towards substantial difference between construction 
executive and project management's perception. As per this study six indicators are key 
indicators for construction industry in general. No correlation was found between 
quantitative indicators and qualitative indicators. KPls are compilation of data or 
measures which are used to assess the performance of a construction operation. These are 
the method to evaluate employee's performance on a particular job. 
There are generalized models for implementing and monitoring construction 
activities but they are unable to identify which indicator will accurately portray changes 
in performance. Performance indicator can be defined either by the quantitative results of 
a construction process i.e. $ / unit or by qualitative measures such as worker behaviour on 
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the job. Precise analysis of performance can be done only after identification and 
monitoring of key indicators. 
The study identifies quality control, on time completion, cost, safety, $ per unit, 
and units per MHR as the six key indicators. These key indicators are widely accepted for 
judging overall performance of construction projects. 
4.10.9 VARIANCE CALCULATION 
Ordinarily variance is calculated on the basis of work break down structure rather 
than cost break down structure. Wang and Huang (2000) have taken time and cost as 
random and correlative (Elmaghraby, 1977; Jaafar, 1996) and then constructed a 
computation approach to integrate the time and cost. The suggested approach calculates 
project cost variance and activity cost variance. It also measures the logical dependence 
on the cost variance of each activity. Therefore it helps in better financial planning. 
Since execution of construction project happens at site. Therefore, a number of 
common uncertainties exist. Such uncertainties have been discussed by Hemphill (1968), 
Spooner (1974) and Diekmann (1983). 
In this work authors suggest project cost can be expressed in terms of a function 
of expected value (\x), coefficient of correlation (p) and coefficient of variance (v) should 
be allocated to each individual activity. Now the effect of logical dependence on the cost 
variance of each activity can be determined. 
The theory of constraints (TOG) [Goldratt. 1999(a), Goldratt, 1999(b)] approach 
can be directly used in straight forward manner in PERT / CPM networks. Recently Rand 
(2000) has studied relevance of application of TOG in managing the project on the basis 
of book; "Critical Chain" by Eli Goldratt. TOG emphasises creation of a resource buffer 
for activities on the critical path. The time of completion of ongoing activities are 
estimated and appropriate resource required for subsequent activities are told for 
availability. There is no scope for multitasking at the start of critical activity. 
It is frequently observed that limited resources are required to work on several 
activities. Now question arises which activity should be performed on any specific time. 
The solution is in identifying critical chain. The critical chain can be defined as the 
longest chain of dependent steps in other words constraints. Now activities of critical 
chain should be done sequentially rather than in parallel, as they require same resource. 
TOG and critical chain are the new concepts in project management. It incorporate 
human factor, lead time rather than milestone only. It is a clear departure from PERT / 
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CPM network approach which mostly concentrates on technical aspect of project only. 
TOC and critical chain are being applied since 1998. 
In the existing literature on construction cost only direct material, direct labour 
and overhead cost are usually mentioned. Nothing is said about specific costs related with 
construction like sunk cost. 
Whereas clear notion of cost is necessary to optimize the cost or in turn to 
increase the profit, at the same time a proper accounting is also necessary for reporting 
the performance of company. 
Scholar has not seen any concise text given in ordinarily available books on 
construction costing. Scholar has tried to unify technical, managerial, theoretical and 
practical aspects of cost accounting in his study. 
4.10.10 THE ELEMENTS OF NETWORKING 
There is something common in all networks like CPM / PERT. They differ only in 
orientation. Recently Voropajev et al. (2000) have discussed in their work the 
philosophical basis of different networks. They have identified three main characteristics 
of networks. First common feature is network element nodes, arrows, terms, restrictions, 
logical link sets. Second feature is duration, variants, and randomness or probability of 
event itself Third feature is possibility of alternative logical operation at the nodes input 
and output. They have presented all these features of network models by using a three 
dimensional matrix. Each model can be characterised by a set of cells in the three 
dimensional house. 
4.10.11 CONSTRUCTION DELAYS 
Delay in construction project is a common phenomena(Asaaf ,A1-Khalil and Al-
Hazmi 1995) but it recurrence for a particular activity is a matter of concern. 
Odeh and Battaineh (2002) have identified most important causes of delays in 
construction projects. The study based on surveys indicates that owner interference 
inadequate experience of contractors in availability of finances, delayed payments, labour 
productivity, slow decision making, poor planning and poor performance of sub-
contractors among the top ten most important reason for construction delays. They have 
confirmed the findings of Al-Moumani (2000). 
In another study Lim and Mohamed (2000) have explored the reasons for the 
delays in electrical transmission project. They have pointed out indolent attitude of 
management; inheritance of problem from preceding phases, poor perception of the term 
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project success and at last project was completed anyway is the possible reasons for the 
delays. 
They have concluded management problem is the first reason for the delay. This 
can be very well resolved by using existing managerial tools and skills. The ambiguity in 
conceptual phase is the root cause of the most of the management problem. 
4.10.12 THE CONSTRAINTS 
Steyn (2002) has discussed multidimensional application of TOC. Initially the 
application of TOC scheduling problem led to the development of "Critical Chain" later 
on TOC was applied to resource allocation problem. In this work he has done second 
application and argues that TOC can be applied to the areas of cost and project risk 
management. 
He has discussed genesis of TOC. It was first popularised by the novel "The 
Goal". The principle was applied, to operations management for the scheduling of single 
project to reduce project duration and simplify project control. This was the main theme 
of the novel 'Critical Chain" [Goldratt, 1997]. In the end of this novel there are 
indications of further application to allocate resources on concurrent projects. Papers by 
[Steyn 1996; Lench, 1999; Newbold, 1998] discuss the application of the principle to 
scheduling problem for single and concurrent multiple projects. He has also suggested 
risk management model for systematic risk reduction. 
4.10.13 THE CONSTRUCTION PLANNING 
In construction planning all the constraints should not be given equal weightage. 
Constraints must be identified as active and inactive constraints. Recently, Shi and Deng 
(2000) have developed object-oriented resource based planning method (ORPM) for 
construction project. They have borrowed the philosophy from modern optimization 
theory of active and inactive constraints and emphasis has been given to information 
available at planning stage. The plan has to be revised with the passage of time as the 
project advances because planning and scheduling are top potential areas of project 
implementation (Koehn, 1987). 
However, for shrot term planning indepth insight into the problem is not necessary 
(Mawdesley,Askey and O'Reilly 1997) but for big projects indepth understanding is 
necessary. 
They conclude that a set of constraints called active planning constraint is selected 
on the basis of information available. If we confine to technological dependence then 
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ORPM based schedule is the same as of CPM computation. When CPM is coupled with 
detailed project information then approach is called ORPM. 
This approach can be incorporated with monitoring, control and delay analysis 
purpose. 
4.10.14 THE PROJECT MONITORING 
In practice usually project cost and progress are monitored by using deterministic 
'S' curve approach. Barraza, Back and Mata (2000) have suggested Stochastic S curve 
(SS Curves) against deterministic 'S' curve. SS curves have been developed by 
determining variability in activity, in cost and duration. SS curves provide probability 
distribution for expected cost and duration for a given percentage work, completed. 
Project performance is monitored by comparing budgeted cost and estimated 
duration from respective probability distribution. The proposed probability characteristic 
SS curve gives more comprehensive project control methodology. 
Since the birth of network analysis (CPM / PERT) attempts were on to match the 
performance with real world data. It was 1980 when integrated cost / schedule / work 
method (Stevens 1983) and the earned value system was proposed by the US Department 
of Energy (1979). Such methods use S-curves representation of cumulative cost linked, or 
linearly related to the project schedule as a basic tool for integrated cost and schedule 
control. 
In recent years [Bent and Hunphreys, 1996; Senior 1995; Touran, 1993; Sha-ath 
and Singh 1994] have reported their work. 
In the last decade practical application of simulation has been significantly 
improved with advances in computational technology (Touran 1994). Professional 
computer programme like Monte Carlo (1993) and @ Risk for Project (1993) have been 
developed with specific purpose of determining stochastic cost and duration estimates. 
Recently, Barraza, Back and Mata (2000) has obtained work progress based S curve or 
PB-S curve. These curves have been obtained by stochastic simulation iteration the PB-S 
curve. Finally SS curves can be used as a potential tool to develop a more comprehensive 
project control system. 
Probablistic planning and forecasting methods are more accurate as compared to 
determinsitic method. SS curves can be applied for more meaningful forecasting of 
possible final cost values and completion date distributions using actual cost and actual 
progress and by simulating the variability of the future activities. 
4.10.15 CONSTRUCTION SCHEDULING 
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Harmelink and Rowings (1998) argue lack of analytical qualities for poor use of 
linear scheduling (LS) which is very much present in CPM scheduling. Another reason 
for poor application of linear scheduling is; that has been regarded as visual technique 
only. In this paper they have developed a method to determine the controlling activity 
path in a linear schedule. 
The determination of controlling activity path in a linear schgdute involves the 
following steps: 
1. Determine the activity sequence list. 
2. Perform the upward pass. 
3. Perform the downward pass. 
' This work demonstrates that a controlling activity path can i>e determined^irom 
activities on a linear schedule. This controlling activity path is mucTTrifBTg'rggftsfic. This 
provides an analytical basis for the formulation of computer based LSM algorithms and 
LSM also becomes a useful tool for continuous repetitive activity as CPM does for the 
discrete logic scheduling. 
Repetitive scheduling model (RSM) is basically a scheduling methodology that 
simplifies and generalizes various multi unit scheduling procedure as proposed in past by 
several authors and is known by a number of different names. It applies to both vertical 
and horizontal project containing either discrete or continuous activities. Recently Harris 
and loannou (1998) present RSM model which takes cognizance of technical constraints 
of CPM and also includes additional resource continuity constraint to ensure continuous 
resource usage. 
RSM schedule is presented graphically on X-Y plot of a series of production lines 
each of which represent a repetitive activity. 
RSM introduces control points as a new concept for positioning successive 
production lines that may either diverge or converge depending upon their relative slope. 
If the line diverges then control point between two successive production line is selected 
towards the first unit in the sequence of units. On the other hand if lines converge then 
towards last unit in the sequence. 
RSM also gives controlling sequence of activities as a new concept for the 
determination of the project duration. This very sequence includes activities between 
control points on successive unit production line extending from start up and ending of 
project. The sequence which controls, may include both critical and non-critical activities. 
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The need for the uninterrupted utilization of resources for an activity in one unit to 
another unit for the same reparative activity is recognised by several scheduling 
methodologies, designated with different names. 
The use of typical CPM scheduling technique cannot ensure continuity in resource 
utilisation. The RSM recognises the additional resource continuity constraint that cannot 
be shown in a network and thus provides solution for the continuous resource usage. 
Karim and Adeli (1999) have proposed an object oriented (00) information 
model for construction scheduling, cost optimization, and change order management 
(CONSCOM). The suggested model is a domain specific development framework using 
the microsoft foundation class library and utilizing the software reuse feature of the 
framework. The reuse architecture of framework is moie flexible and powerful than the 
reuse techniques such as components and patterns. Change orders have been always a 
bone of contention between owner and contractor. Computer support for handling change 
order has been reported in literature by [Ibbs, 1997; Leymeister, Shah and Jain. 1993; 
Saunders, 1996]. 
On this issue papers indicate lack of consistent formal procedures for handling 
change orders in construction. Usually change orders are handled arbitrarily. 
Adeli and Karim (1997) had developed a general and powerful model for 
scheduling construction project. It minimises direct construction cost. The model uses 
neural dynamics model. 
For a given construction duration, the model gives optimum construction schedule 
with minimum construction cost. By changing construction duration, cost duration trade 
off problem can be solved and global optimum schedule and the corresponding minimum 
construction cost can be determined. 
The model proposed by Adeli and Karim (1997) has been used in this paper. The 
0 0 information model can be used as an intelligent decision support system to resolve 
change order conflicts. 
In real construction, resource is always, a constraint. Scheduling should always be 
included in resource allocation. Leu and Yang (1999) suggest multicriteria computational 
optimal scheduling model which integrates time / cost trade off model, resource limited 
model along with resource levelling has been proposed . The search technique uses 
genetic algorithm (GA). Non dominated solutions have been found by using multiple 
attribute decision making method: a technique for order preference simularising to ideal 
solution. The model can effectively provide the optimal combination of construction 
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duration, resource magnitude with minimum possible direct project cost and minimum 
project duration under the constraint of limited resource. 
Due to the constraints of resource availability, activity duration and sequence may 
require adjustment and in turn project cost could also change accordingly. Time 
importance, of resource allocation has already been recognised in manufacturing 
industries and search for solution to this problem in construction project is going on. This 
problem has been studied at three level: time / cost trade off, resource constrained 
allocation and unlimited resource levelling. 
Many heuristic or analytical model have been developed to solve the each type 
problem, the handicap with such methods are inability to solve large complex problem. 
Heuristic models are based on usually rule of thumb. So it cannot be used in all 
construction cases. Generally heuristic model are not always optimal more over these 
models usually focus on a single objective. 
G.A. approach overcomes these short-comings. Multi criteria scheduling model 
integrates the time / cost trade off, constrained resource allocation and unlimited resource 
levelling models into a unified environment. Technique for order preference by similarity 
to ideal solution (TOPSIS) and multiple attribute decision making (MADM) methods 
have been used for this unification. 
Now limited resources are allocated to different project activities for minimising 
project costs, project duration and determines variation in resource availability and 
utilization. 
Although the proposed solution is general but the advantage of proposed solution 
is, it can solve single objective time cost trade off problems, resource constrained 
allocation problem and resource leveling respectively. Due to this character the GA 
scheduler can be used as decision support system for construction scheduling. 
Due to the complexity of the project, an optimization of construction schedule, 
incorporating time, cost and resource constraints is a herculian task. Hegazy and Ersahin 
(2001) suggest a practical approach for the modelling and optimizing overall construction 
schedule. A spread sheet based model has been developed. This model can be easily used 
by practitioners. The proposed model is integration of critical path network scheduling 
with time cost trade off analysis, resource allocation, resource leveling and cash flow 
management. Total project cost has been taken as objective function for minimization. 
Genetic Algorithm has been used as optimization tool to locate global optima. 
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Due to the complexity of the project a schedule optimization incorporating time, 
cost and resource constraints is a herculian task. In this paper a practical approach is 
given for the modelling and optimizing overall construction schedule. A spread sheet 
based model has been developed. This model can be easily used by practitioners. The 
proposed model is integration of critical path network scheduling with time cost trade off 
analysis, resource allocation, resource leveling and cash flow management. Total project 
cost has been taken as objective function for minimization. Genetic Algorithm has been 
used as optimization tool to locate global optima. 
Several techniques like time cost trade off (TCT) analysis, resource allocation and 
resource leveling have been developed. But all these techniques optimize the project in 
piecemeal, taking issue as a sub-problem. Therefore it can only be applied to a project 
one after the other rather than concurrently. So to realise best economic benefits a unified 
approach is needed. 
So many authors attempted on this problem but notable study has been done by 
Karshanas and Haber (1990) who formulated mathematical model considering resource 
constraint, cost of time and monthly cash flow limit for scheduling the project. The 
another study was done by Li (1996) by considering investment allocation , resource 
supply, and weather impact on productivity. But both studies reported their model for 
limited use on a project with few numbers of activities. 
This model interacts with an information system to provide automated and 
realistic assessment of time, cost and resource needed for the project task. This model was 
tested on experimental basis on various case study projects and its performance was 
found good. The model is available on website (www.civil.uwaterloo.ca/tarek) under 
head "My Free Educational Software". This model is versatile, transparent and easy to 
use and expresses state of the art techniques. 
4.10.16 LEAST COST SCHEDULING OR SCHEDULE COMPRESSION 
Sometimes managers and planners are forced to shorten the duration of the 
project. The most commonly used technique for duration reduction is least cost 
scheduling. This procedure is deterministic in nature; shortest possible duration is 
calculated for the minimum possible cost. It does not incorporate any type of variation in 
time and cost of project activities. Thus the resulting compressed schedule value cannot 
be applied with any stated level of statistical confidence. Isidore and Back (2001) suggest 
a new procedure that addresses few major shortcomings of least cost scheduling. It 
applies simultaneously range estimating and probablistic scheduling to the historical data. 
The resulting data is in turn analysed to provide a compressed schedule duration and cost 
estimate that achieves higher overall level of confidence. 
Least cost scheduling involves incrementally reducing or compressing the 
respective activity duration of a project to arrive at shortest schedule duration with 
minimum cost. Stevens (1990) defines a least cost schedule as one with an optimal 
duration so that lengthening or shortening would increase the total project cost. 
The construction industry institute (CII) in 1988 suggests more than 90 different 
techniques for schedule compression. Few of the techniques result in shorter schedule 
time while others were aimed to prevent needless loss of time. All techniques do not 
reduce cost and time simultaneously. A simultaneous optimization of time and cost is 
called 'time-cost-trade-off. It is worth mentioning that suitability of any compression 
technique depends on the particular situation. 
In 1995 (CII) made a distinction between schedule compression and schedule 
reduction. Schedule compression is the use of technique that shortens the project duration 
with increase in project cost. On the other hand schedule reduction is the use of technique 
that shorten the project duration without increase in project cost. 
Schedule compression technique is widely accepted. This is done by progressively 
shortening the duration of activities in critical path method (CPM), network schedule 
while monitoring the change in the total project cost. 
So many authors [Isidore, 1999; Moselhi, 1993; Wu and Li 1996 and Yau 1990] 
have proposed a number of varying techniques for reducing the overall duration of the 
project. 
Study concludes that deterministic approach to cost and time scheduling of project is not 
a very reliable way, the reason is very simple that actual data about activities can not be 
available before hand until it is completed in the field. Therefore, stochastic technique is 
more reliable. This new technique is referred as probablistic optimal cost scheduling 
(POCS). It uses discrete event simulation and simultaneously perform range estimating. 
Probablistic scheduling is also done, using historical data available for each activity. The 
results thus obtained are analysed in a statistically significant way to arrive at a 
compressed schedule duration and a cost estimate which was not possible without this 
technique. 
4.10.17 LINEAR SCHEDULING 
The traditional concept of float is, how long an activity can be delayed before it 
becomes critical activity or in other words activity on critical path should not have any 
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float. For linear construction activity a modified concept of float is more pertinent. Start 
time and duration are main attributes of float, production rate is a more fundamental 
attribute of a linear activity, it should reflect major characteristics of an activity. Rate 
float has this characteristic and gives information to construction planners and managers 
in terms that are meaningful for linear project. 
Usually CPM is the best scheduling technique for construction project but CPM is 
not best suited for linear projects [Vorester, Beliveau and Bafma (1992)]. A linear project 
can be defined in which majority of activities are "linear activities". Linear activities are 
those activities that are completed as they progress along a path (Harmelink and Rowing, 
1998) e.g. construction of highway. Linear scheduling technique is better suited for the 
linear project. However determination of critical path in linear project is a complicated 
task. Rowings and Harmelink (1993, 1994) developed an algorithm that determines the 
critical path in a linear schedule. 
Harmelink (2001) has developed an algorithm called linqar scheduling model 
(LSM) which identifies critical activities or controlling activity path (CAP) through an 
upward and downward pass through the activities much as CPM. It uses a forward and 
backward pass to identify the critical path. The CAP is important as it provides a basis for 
analyzing linear schedules similar to CPM. CAP identifies controlling and non-
controlling activities. 
It is very important for planners and project managers to know when and where an 
activity is controlling or non-controlling and if particular activity happens to be non-
controlling then it should be known before hand, how much an activity's production rate 
can be lowered without affecting subsequent activities. LSM has an edge over CPM for 
linear projects because of rate float concepts. An integration of a controlling activity path 
and rate float in LSM, has the potential for making the philosophy ideally suited to 
planning and managing linear construction project. 
So many linear scheduling techniques have been propsoed over the years. The 
limitation of these methods is inability to determine critical activities. Linear scheduling 
and repetitive scheduling are two models to deal with repetitive construction. Recently 
Mattila and Park (2003) have compared LSM and RSM. 
Linear scheduling suggests a way to describe the logic of a linear construction 
project. A system has to be adopted for identifying controlling path that will determine 
what activities on the project cannot be delayed without delaying the project completion 
date. In this paper comparison has been made in LSM given by Harmelink and Rowings 
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(1998) and the RSM given by Harris and loannou (1998). Conclusion of the study is as 
under. 
(1) LSM and RSM identify the same controlling path for constant rate of production 
for full span converging and diverging activities. 
(2) On inclusion of partial span linear activities into the schedule, LSM and RSM 
identified the same controlling path. 
(3) Both LSM and RSM have the potential to work as a tool for finding the 
controlling path. 
The optimized utilization of resource can significantly reduce project duration and 
cost for highway, high-rise building. Fixing optimum crew size for each activit)' in the 
project can do this and then dynamic programming is applied for optimization. This 
solution has limited use because of interruptions. El-Rayes, and Moselhi (2001) have 
overcome this handicap. They have given automated and practical optimization model. 
The model uses dynamic programming formulations along with scheduling and 
interruption algorithm of interruptions during scheduling. 
CPM / PERT has always been criticised for not maintaining crew continuity on 
repetitive construction [Birrell, 1980; Selinger, 1980; Kavanagh, 1985; Reda, 1990; 
Russell and Wong, 1993]. 
To maintain crew work continuity during scheduling a number of scheduling 
techniques have been developed for repetitive construction proejct [Selinger, 1980; 
Johnston, 1981; Arditi and Albulak, 1986; Chrzanowski and Johnston, 1986; Russel and 
Caselton, 1988; Al Sarraj 1990; El-Rayes and Moselhi, 1998]. Maintaining crew work 
continuity leads to minimizing idle time of each crew and maximises learning curve 
effect [Ashley, 1980, Birrell, 1980]. 
A number of dynamic programming formulations have been developed for 
optimizing scheduling of this class of project. They all either minimize project cost or 
minimize project duration [Moselhi and El Rayes,1993, Eldin and Senouci, 1994, 
Selinger, 1980, Russell and Caselton, 1988]. These formulations are either one state 
variable or two state variable aiming to determine optimum, crew formation and optimum 
operation vector. 
El-Rayes and Moselhi (2001 have developed an algorithm which complies with 
job logic, crew availability and crew work continuity constraint. The interruption 
algorithm generates a set of feasible interruption vectors for each crew formation to be 
used as second state variable in the dynamic programming formuation. 
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Hegazy and Wassef (2001) have proposed a practical model for scheduling and 
cost optimization of repetitive projects is proposed. This model is aimed to minimise 
direct cost, indirect cost, interruption cost, incentives and liquidated damages. This paper 
incorporates four dimensions. Firstly, it uses critical path and line of balance 
methodologies. Thus considering crew synchronization and work continuity among non-
serial activities. Secondly, it performs time-cost trade off analysis considering a specified 
deadline and alternative construction method with associated time, cost and crew options. 
Thirdly, it has been developed as spreadsheet templet, which is transparent and easy to 
use. Fourthly, it utilizes non-traditional genetic algorithm for optimization. So many 
investigators [Reda 1990; Suhail and Neaie, 1994, Lumsden, 1968, Selinger, 1980] have 
attempted on the problem of repeated construction. Most of them have used traditional 
techniques for scheduling repetitive projects such as line of balance (LOB) which 
assumes purely sequential activities and simplistic formulation to maintain crew work 
continuity. Notable work was done by Suhail and Neale (1994), their model is good 
framework for CPM/LOB integration that determines the proper number of crews needed 
to meet a given deadline. This model does not consider work interruptions, resource 
constraints or cost optimization. 
None of the cost optimization models mentioned earlier except developed by 
Senouci and Eldin (1996) can handle non serial activities. But this model does not 
guarantee an optimum solution and may be trapped in local optima (Li and Love, 1997). 
The proposed model suggests the combination of construction method, number of crews 
and work interruptions for each activity so that a project deadline is met with minimum 
total cost. 
4.10.18 REPITITIVE CONSTRUCTION 
El-Rayes (2001) has developed 0 0 model LSCHEDULER for repetitive 
construction scheduling. Stages of model have been designed to give an effective model 
for scheduling repetitive construction to satisfy practical scheduling requirement. The 
model incorporates newly developed procedures for resource driveh scheduling of 
repetitive activities, optimization of construction scheduling and integration of repetitive 
and non-repetitive scheduling techniques. The model is named LSCHEDULER and is 
implemented as WINDOWS application that supports user friendly interface including 
menus, dialogue boxes and windows. 
LSCHEDULER is capable of performing regular scheduling as well as optimized 
scheduling. In case of optimized scheduling the model can assist in identifying an 
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optimum crew utilization option for eacii repetitive activity in the project that provides a 
minimum duration or cost for scheduled repetitive construction project. 
Continuity during scheduling of repetitive construction leads to maximization of 
learning curve and minimization of idle time of each crew (Ashley, 1980, Birrell, 1981, 
Kavanagh, 1985, Reda, 1990, El-Rayes and Moselhi, 1998 ). 
The presently available knowledge indicates that repetitive construction 
scheduling can be improved by considering three practical requirementSk First is resource 
driven scheduling for repetitive activities. Second is optimization of schedule and 
resource utilization to minimize project duration. For repetitive construction, it is a 
difficult task (Selinger, 1980; Russel and Caselton, 1988; Reda 1990; Moselhi and El-
Rayes, 1993; Eldin and Senouci, 1994). The third practical requirement of efficient 
scheduling model is integration of repetitive and non repetitive activities. Non-repetitive 
activities can be scheduled using a traditional network based technique. However, 
repetitive activities require resource driven scheduling technique which is capable of crew 
work continuity(0'Brien, Keritzberg and Mikes. 1985, Chrzanowski and Johnston, 1986, 
RusSell and Wong, 1993). 
Leu and Hwang (2001) have developed optimal repetitive scheduling model for 
precast production accompanied by resource constraints and resource sharing. Repetitive 
schedule like precast production needs incorporation of limited machinery resource, 
skilled labour etc. Moreover, optimum effective utilization of valuable resources like 
crane, needs, resource sharing in precast production. A genetic algorithm based, searching 
technique has been adopted to establish an optimal resource constrained i^ epetitive precast 
production scheduling system with the consideration of resource sharing. The proposed 
system provides optimal or near optimal combination of production durations, resource 
amounts and minimum make span under the constraint of limited resourpes and with the 
consideration of resource sharing. 
Linear projects involve repetitive units of processing elements i.e. repetitive 
construction activities like highway construction. There is another tyjie of project in 
which activities also proceed repetitively and resources are generally kept fixed and 
activities move from beginning to end. Precast production falls in this type. Many 
scheduling techniques such as Line of Balance (LOB) and analytical methods have been 
generated to solve repetitive scheduling problem. 
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Many scheduling technique have been proposed in past to solve repetitive 
construction problem [Lutz and Hijazi, 1993; Perera, 1982; O'Brien, Keritzberg and 
Mikes. 1985; Russel and Caselton, 1988; Suhail and Neale, 1994]. 
In real precast production, tasks must be scheduled under limited resources such 
as limited crew size and number of cranes. Owing to the constraint of resource 
availability and the consideration of resource sharing the scheduler must take an account 
of trade off between available resources and production make span (i.e. duration). 
Generally speaking resources are constrained in construction. This paper presents 
information on how to plan and control resource utilization on a repetitive project. It uses 
genetic algorithm. 
GA based repetitive scheduling model has several advantages. Firstly it is not 
obligatory upon GA to adhere to a particular heuristic rule. Secondly GA based model for 
repetitive scheduling can explore and exploit several near optimal solution. 
Kang, Park II and Lee (2001) have developed construction scheduling model for 
multiple repetitive construction process (MRCP). It is imperative upon project manager to 
arrange the number of horizontal repetitive work area by each crew group to reduce the 
work interruption period in MRCP. This study suggests few equations for estimating 
optimal number of horizontal repetitive work area for a crew group and pursued a 
conceptual model for MRCP which can reduce loss in man power and idle period of 
construction equipment due to interruption period. A computer algorithm developed for 
analysis of MRCP shows an appropriate performance through the application to a case 
study based, on the proposed procedure model. 
If there is cushion in the project completion date, the result of study indicates that 
loss in cost can be greatly reduced by the proposed methodology. 
The repetitive construction can be classified as horizontally jointed and vertically 
jointed. The repetitive construction at different sites is called multiple, repetitive 
construction process. This includes both horizontal as well as vertical repetitive 
construction process (MRCP). Construction cost and duration for such construction 
process depends on following factors. 
1. Number of work areas and work zones for a large construction project. 
2. Proper crew grouping. 
3. Size of work zone in horizontal repetitive process. 
4. Frequency of horizontal repetition for each operation on any floor of the vertical 
repetitive process. 
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This study analyses aforesaid issues to minimise construction cost and resource 
utilization and to provide an optimal construction process for a project with MRCP. This 
study uses a heuristic approach for the analysis of construction process. 
So many researchers have attempted to optimize MRCP [O'Brien, 1975; Carr and 
Meyer, 1974; O'Brien, Keritzberg and Mikes. 1985; Reda, 1990; Thabet and Bliveau, 
1994a; 1994b]. The present study incorporates spare time in project completion date to 
reduce cost. 
The objective function in this study was to minimize the loss in construction cost 
by workforce grouping because interruption loss depends on organization of work zones 
that consists of horizontal repetitive work areas. The proposed heuristic equation can be 
applied to organize optimal work force group projects with MRCP such as the apartments 
of high rise building, large continuous bridge containing several piers. 
4.10.19 TIME COST TRADE OFF 
A solution for cost trade off problems by genetic algorithm (GA) suffers from two 
limitations. Firstly, it needs manually craft time cost curve for formulating the objective 
function. Secondly it deals with linear time cost relationship Li, Cao, and Love, (1999). 
This paper present a computer system called Machine Learning and Genetic Algorithms 
based System (MLGAS) for the solution of (TCT) problem. It integrates a machine 
learning method with GA. It is capable of handling non-linear relationship of time and 
cost. It on its own generates the quadratic time cost curve from historical cost data and 
also measures the credibility of each quadratic time cost curve. Now objective function is 
formulated for the solution by GA. Attempts have been made to prevent premature 
convergence. It has been claimed that MLGAS gives better solution to non-linear time-
cost trade-off problems. 
Time cost trade off is basically an optimization problem involving human and 
non-human resource with the completed activity in accordance with some precedence 
relationship. Many studies have been done in past for solving such problem. Notable are 
[.Cusack, 1985; Atkin, 1987; Reda and Carr, 1989; Skinbniewski and Armijos, 1990; 
Newton, 1991; Moselhi, 1991; Burns.Liu and Feng. 1996; Khosrowshahi,T997]. 
The improvement in MLGAS system is multiple points cross over and variable 
mutation probability. This prevents convergence at local optima. The MLGAS is best 
suited for organizations where a bank of historical time cost data exist ^nd on arrival of 
fresh time cost data the MLGAS incrementally updates the time cost curve. 
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Optimization problems in construction scheduling such as time cost optimization 
can be effectively solved using genetic algorithm. Que (2002) suggests an approach that 
makes GA-based time cost optimization viable for the real world problems. Practical 
aspects are incorporated through the integration of project management system to the GA 
system. The approach takes full advantage of scheduling functionality of the project 
management system in evaluating project completion dates during optimization. Project 
completion date takes cognizance of all scheduling parameter, activity relationship lags, 
calendars, constraints of resources and progress objective. Thus proposed approach is 
quite comprehensive and realistic. 
Optimization problem in construction scheduling has been optimized in three 
heads: (1) time-cost trade off, (2) resource allocation, (3) resource leveling. Time cost 
trade off is basically minimizing the project cost while maintaining desired project 
duration. Resource allocation is minimizing project duration without exceeding the 
available resource limit. Resource leveling is meant for minimizing peak resource 
requirements and period to period fluctuations in resource assignment while maintaining 
the desired project duration. 
In past many analytical and heuristic methods were developed by different authors 
[Satyanarayana, et al. 1993; Chan, Chua and Kannan. 1996; Li and Love, 1997] 
incorporating improvements for optimization problem in construction scheduling. These 
methods use mathematical programming techniques such as linear programming and 
dynamic programming. However, it is difficult to create general mathematical models 
because of computational work involved. These models are suitable for small projects. 
However, these models can very well locate local optima. Heuristic models are good and 
widely used in practice because of their simplicity and ease of application. For such 
models there is no definite set rule for selecting the best set of heuristics to be used in a 
particular problem. These models usually focus on single objective only. 
The philosophy of genetic algorithm has been taken from population genetics. GA 
employs a random directed search induced by the process of natural evolution and the 
principles of survival of fittest for locating the global optima. GA are particularly best 
suited for optimization problem in constructions scheduling because this approach does 
not face combinatorial explosion. GA does not rely much on assumptions or on heuristic 
rules and they are robust. Because of these features GA has an edge over other methods 
used for scheduling problem. 
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Satyanarayana et al. (1993) used GA for resource allocation in construction 
projects. Chan et al. (1996) used GA for construction resource scheduling which included 
both resource allocation and resource leveling. Li and Love (1997) suggested several 
improvements in GA used in solving the time cost trade off problems. 
This paper suggests an approach to solve time-cost optimization problem by using 
genetic algorithm viable for practical application. This approach can also be applied to 
resource allocation and resource leveling as well. 
The benefit of this approach are qualitative rather than quantitative. Therefore, it 
is a philosophy. 
Leu, Chen and Yang (2001) have suggested a GA-based fuzzy optinxal model to 
trade off cost and time in construction project. The uncertainty in duration and changes in 
outside environment such as weather, poor site conditions, changes in productivity level 
can increase direct and indirect cost both. To solve the problem of this kind few 
systematic method such as PERT, PNET, and Monte Carlo simulation have been 
developed to deal with uncertainty in the project duration. Nevertheless these non-
deterministic scheduling methods take account of time cost trade off 
They have used fuzzy set theory to model the uncertainties of activity duration 
genetic algorithm has been adopted for the search of optima of lime and direct cost under 
different 1 isk level. 
The fuzzy based approach can address several possible time-cost trade off curves 
for different X cut values thus it provides an insight into the trade off between project time 
and cost under different risk levels defined by decision makers. Secondly it is not 
obligatory upon GA based model to commit a particular heuristic rule. Therefore, it has 
more fle.xibility when solving complex construction time cost trade-off problems. 
The deterministic time cost trade-off model proposed by Feng, Liu and 
Burns(l997), also showed this advantage of the GA-based approach. 
4.10.20 THE RESOURCE ALLOCATION 
The resource allocation problem arises when common resource is needed in 
different activities and resource is in limited quantity. Recently^ Abeyasinghe, 
Greenwood and Johansen (2001) have studied resource allocation problem in construction 
project. They claim that mathematical models developed earlier for the resource 
allocation is hard and inflexible. They further argue that more sophisticated planning 
methods used in other industries do not suit the construction industry (Johnsen, 1996). It 
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has been also reported that network derived schedule do not work in field. Wood Worth 
and Shanahan (1998) have shown that schedules based on time oriented networks are 
exceeded by an average of around 38%. 
The 'LINRES' algorithm proposed by the authors offers more flexible approach. 
The results of LINRES were compared with widely used 'MINSLK for single and multi 
resource network both and LINRES performance was found better. It also provides a 
reasonable trade off between the resource allocation profiles and the duration. The acid 
test for LiNRES needs application on live projects of real world. 
4.10.21 THE RESOURCE LEVELLING 
Mettila and Abraham have implemented use of integer linear programming for 
linear construction project in which an activity or set of activities are repeated in different 
locations such as highways, pipelines and tunnels. CPM is certainly a powerful tool even 
toda\' but it is not very effective for linear construction. Therefore, linear scheduling 
needs analytical inquiry. Resource leveling is also one of the techniques to deal with such 
situation. 
Antil and Woodhead(1990) define scheduling as determination of timing for a 
particular operation comprising the project and their assembling to give the overall 
conipletion time. Control is the monitoring and updating of the plan and schedule Harris 
(1978). Planning, scheduling and control are necessary to complete the project within 
budget, on schedule with better quality and with minimum problems. Constructor (1993) 
reports scheduling as most important area on the basis of survey conducted by Associated 
General Contractors of America. 
The major problem with use of CPM in linear construction is breaking of linear 
activities into discrete segments to make it fit into CPM network. Harmelink (1995) has 
developed a linear schedule model which identifies the controlling activity path through a 
linear schedule. In present study work of Harmelink (1995) has been used to identify 
controlling activities and resulting controlling path. The rate float and activity float 
concept has been used. Because the production rate of non-controlling linear activity in a 
linear schedule can vary (decrease), depending on the rate float of that activity. 
Production rate of an activity depends on the number of resources used on that activity, 
the amount of rate float that may be used depends on the number of available resources. If 
activities have common resources then rate float can be used to achieve better resource 
utilization. 
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Resource allocation and leveling had always been a challenge in project 
implementation. This problem is ordinarily broken into two parts viz. Resource allocation 
and resource leveling and then it is solved using heuristic procedures that can not always 
guarantee optimum solution. The solution to such problem dates back to 1960s (Wiest, 
1964; Garvish and Pirkul 1991) but their solution were not suitable for real world big size 
problem (Moselhi and Lorterapong, 1993; Allam, 1998). Hegazy (1999) has suggested 
improvement in leveling heuristics by using genetic algorithms (GA)to search for near 
optimum solution considering both aspects simultaneously. He has selected random 
priorities for introducing into selected task and after that schedule is monitored. Now GA 
searches for an optimum set of tasks priorities that produces shorter project duration and 
better levelled resource profiles. The major advantage of the propsoed procedure is its 
simplicity and applicability within commercially available project management software 
system to improve their performance. He has used following approaches. 
1. Improvement in resource allocation heuristic with the help of random activity 
priorities. 
2. Modified resource leveling heuristics by using a double moment approach. 
3. Optimized multi objective function for both resource allocation and leveling, by 
using genetic algorithms technique. 
Hiyassat (2001) uses modified minimum moment approach to networks with 
multiple resources. The heuristic procedure has been applied to both leveling of multiple 
resource in series and combined resource leveling. A comparison has also been made with 
traditional minimum moment to both methods of multiple resource leveling. Since 1961, 
so many authors [Helegson and Birnie (1961), Ahuja, (1976), Harris, (1978), Harris 
(1990), Moselhi and Lorterapong (1993), Savin, Alkass and Fazio (1996), Hegazy (1999), 
Son and Skibniewski (1999), Hiyassat (2000)] have worked on such problems by using 
different optimization technique. 
The finding of this paper is that modified moment method for the resource 
leveling is a valid procedure for networks with either single or multiple resource. 
4.10.22 THE CONSTRUCTABILITY PRINCIPLE 
Jergeas and Pat (2001) explore the gap between the potential benefits of applying 
constructability principle to industrial project and the benefits typically realized in 
industrial practice. The data used in this survey is based on 17 principles of 
constructability given by construction industry institute. This study recommends 
involvement of construction group in design phase, establishment of mutual trust, respect 
and credibility between project planners, designers and contractors. The example cited in 
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the study illustrates significant gains in project cost, schedule performance and safety that 
can be achieved when the aforesaid prescription is followed. A saving in the range of 30 
to 40% in the total installed cost can quite readily be achieved. 
The definition of constructability given by Construction Industry Institute (CII) as 
"the optimum use of construction knowledge and experience in planning, engineering, 
procurement and field operations to achieve overall objectives. CII has enumerated 
seventeen principles that apply to the conceptual planning, design procurement and field 
operation phases of a project. These principles are as under. 
(a) CONCEPTUAL PLANNING PHASE 
1. A formal constructability programme is made an integral part of the project 
execution plans. 
2. Early project planning actively involves construction knowledge and experience. 
3. Construction personnel are involved in developing the project contracting 
strategy. 
4. Project schedules are sensitive to construction requirements. 
5. Basic design approaches consider major construction methods such as 
modularization or preassembly. 
6. Site layouts promote efficient construction (e.g. adequate space for lay down and 
fabrication yards and efficient site access). 
7. Project team participants responsible for constructability are identified early in the 
project. 
8. Advanced information technologies such as 3D computer modelling or field 
notebook computers are applied. 
(b) DESIGN AND PROCUREMENT PHASES 
9. Design and procurement schedules are construction-sensitive. 
10. Designs are configured to enable efficient construction considering issues like 
simplicity, flexibility, sequencing of installation, and labour skill and availability. 
11. Design elements are standardized including maximum use of manufacturers' 
standards and standardized components. 
12. Construction efficiency is considered in specification development including prior 
review of specifications by construction personnel. 
13. Modular / preassembly designs are prepared to facilitate fabrication, 
transportation, and installation. 
14. Designs promote construction accessibility of personnel, materials, and 
equipment. 
15. Designs facilitate construction under adverse weather. 
16. Design and construction sequencing facilitates system turnover and start-up. 
(c) FIELD OPERATIONS PHASE 
Innovative construction methods are used as innovative sequencing of field tasks, 
or use of temporary construction systems, or innovative use of construction equipment. 
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It is always not necessary that constructability will improve operating reliability of 
a project but inclusion of construction knowledge and experience into the planning and 
design of project can result in reduced installed cost and improve safety during 
construction . Constructability approach always takes the cognizance of field labour and 
material affecting project cost, schedule and quality performance at planning and design 
stage itself 
Various new definitions has emerged since the concept was introduced by CII 
(1986). All definitions focus on integration of construction knowledge and emphasize on 
the importance of constructability as an integral part in all phases of construction project. 
An approach is necessary to implement constructability. Constructability can be 
implemented using an informal and formal approach both 
Based on the findings of this study, authors are of strong opinion that 
collaborative effort is needed to ripe the fruits of constructability. Construction people 
should be involved from day one of the design. All persons involve in project should have 
cohesion and unity of purpose. Dissatisfaction over past practices is key to new 
development or in other words design group should have a tendency to challenge "tried 
and true" approach. Constructability should always be considered as one link in the 
"integrated value management chain" . 
After thorough search in different books and journals on cost optimisation, The 
scholar has discovered that maximum number of papers are devoted on various aspects of 
construction scheduling only. 
Most of the studies have only computer orientation; case studies in Indian context 
are very few. These studies are focused either on CPM or PERT networking. However, 
engineering optimization of project starts from design and ends at the beginning of 
implementation phase of the project. 
A lucid text, which covers entire project development ahd implementation 
process, is needed. Scholar has tried to collect material for each and every stage of 
decision making of project development to fill this gap. 
4.10.23 THE SITE LAYOUT 
Layout of temporary facilities for construction site always needs thorough 
investigation. Site layout is an important step as it can significantly affect the cost of the 
project. A study has been done by Mawdesley, Al-Jibouri and Yang (2002). They first 
describe the general site layout problem from both theoretical and practical viewpoint 
then they propose genetic algorithm as a possible solution technique. It includes practical 
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problem related with cost of movement, which has been modelled by using augmented 
genetic algorithm. 
The objective of site layout is to determine what temporary facilities are required 
and where to position them in space and time throughout the project in such a way as to 
improve the construction process. Such investigations are necessary due to following 
reasons: 
1. To reduce the project cost. 
2. To improve the quality of work. 
3. To improve safety of operations on the project. 
These factors are closely related to objective of project planning (Mawdesley and 
Askew 1991). Objective of cost optimization can be achieved by reducing travel times 
and by cutting unnecessary movement of resources and handling of materials. A good site 
layout should always save non-value added time. 
Site lay out is a dynamic problem because of the constantly changing nature of 
project. This differentiates it from static layout of factories. Therefore, the problem has 
practical importance and theoretically challenging as well. The obtained solution shows 
that technique is viable. 
Acquisition of purchase of land and site selection is the first milestone of 
construction project. A poor site selection has disastrous effect on the project. A site 
should always be examined from all angles. 
In civil engineering and architectural engineering books only technical aspect of 
site selection is given. In land laws books only legal view is described. 
A thorough treatment on commercial viewpoint, has not been seen by the scholar 
in the books consulted by him. Scholar has tried to fill this gap. 
4.10.24 THE MATERIALS MANAGEMENT 
Materials management on a big construction project is a difficult task. In 
manufacturing sector materials management activity is quite formalized but in 
construction industry materials management activity needs a lot of improvement. 
Historical data indicates that materials accounts for 50-60 % of project (Stukhart and Bell, 
85;CII 1988). 
Big projects are characterized by many items of varied nature. These features 
challenge the traditional, secretarial oriented price focused approach to materials 
management on construction project. Studies done in past by (Olomolaiye, 1991; 
Dawood, 1994; Abdul Rahman, 1994; CIl, 1988) have cited poor materials management 
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as one of the reasons for construction delays. Bell and Stukhart (1987) is of the view that 
an integrated computer based; materials management model can save 10-12 % on labour 
cost. 
Recently Ibn-Homaid (2002) has done a comparative study of materials 
management in manufacturing and construction industry. He reports that similarity occurs 
at higher level. Conceptually both are same but a little difference exist in application. 
MRP system is suitable for project environment. However, MRP can not be applied in 
straight forward manner. 
Scholar has tried to introduce practical aspects of materials management on the 
basis of his experience. In Indian context a lot of work is needed in this direction. 
4.10.25 HUMAN RESOURCE MANAGEMENT 
Use of multiskilling workforce reduces indirect labour cost, improves productivity 
and reduces turnover. Multiskilled worker, works across the craft boundaries. 
Competence of foreman directly influences work allocation of mu|tiskilled workforce. A 
foreman assigns task to workers according to their knowledge, capabilities, experience 
and performance on past projects. The study by Gomar, Hass and Morton(2002) 
investigate mechanics of work allocation to a multiskilled workforce and a linear 
programming model has been developed to optimize multiskilled workforce assignment 
in a construction project. 
It is concluded that model will be most useful in conditions where full 
employment does not exist. It is always useful for short term allocation decisions. It is 
also concluded that for a capital project the benefits of multiskilling are marginal. 
Construction companies surveyed by Business Rountable in 1997 reports 
difficulties in recruiting and maintaining their workforce. More than sixty percent 
construction companies face such situations. The poor image of industry repels new 
workers because of lack of opportunity for training and crew growth. This leads to higher 
turnover rates [BRT, 1997; Liska, 1998]. One possible solution to this problem is 
multiskilling. 
Research findings show that multiskilling can increase the productivity, quality 
and continuity of work, while providing for a safer site conditions and providing 
managers more flexibility in assigning tasks (Williamson, 1992; Cross, 1996; Burleson, et 
al. 1998). Field studies have also shown similar results for multiskilling. Multiskiling 
benefit workers through longer employment duration, better qualifications resulting in 
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increased employability and increased job satisfaction [Stanley, 1997; Rodriguez, 1998; 
Carley, 1999]. 
The research concludes following: 
1. The assignment and allocation of partially multiskilled workforce can be 
optimized with the model presented. 
2. Multiskilled workers were always preferred by the optimization model over single 
skilled worker. 
3. Additional benefits of multiskilling above 10-20% partially multiskilled 
workforce are marginal. 
4. The benefits of increased participation and job employment duration for workers 
are marginal after they posses skills in two or three crafts. 
Cheng, Su and You (2003) have studied various models of co-ordination among 
team members of construction project on the basis of trend model. Trend model 
establishes an activity relationship matrix (ARM) to identify the activity relationship 
within the construction process. ARM is ordinarily used to construct an organizational 
structure for project management. Efficiency of communication and co-ordination is 
measured by communication resistance matrix among the members of project team. This 
study uses Analytical Hierarchy Process (ARM) to quantify the strength of organizational 
structure and then identifies the optimal structure for the project management 
A suitable project organizational structure is necessary for the smooth execution 
of a huge construction project. Duration of such projects are quite long. During this 
period co-ordination among team members is vital. Present study focuses on process of 
establishing a well organized structure. 
In common parlance it is assumed that network analysis and scheduling technique 
will suffice the purpose of project execution ignoring influence of organizational 
structure. There are few articles [Bennigson, 1971; Barrie and Paulson, 1992] in which 
influence of organizational structure on the project's progress has been discussed. 
This study concludes use of trend model for the selection of organizational 
structure rather than rough guessing. The trend model clarifies the evaluation process and 
uses clear measures and variables to determine the optimal organizational structure. The 
study further concludes that flattest structure is not necessarily the most optimal one. 
Mustapha and Naoum (1998) have identified factors influencing effectiveness of 
site managers. They have taken personal variables, job condition, project characteristics 
and organizational variables as independent variables. They conclude that personal 
variables as a whole have an impact on effectiveness with the strongest contribution being 
of management style and qualifications. 
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Belout(1998) has studied effect of human resource management on the success of 
a project apart from dealing a project as a technical system. In his study he re-examines 
Pinto and Prescott's findings in order to classify their suffering result. He concludes that 
emphasis on human resource management in the context of project is still elementary. It 
needs thorough research to make a firm base. 
Chapman (1998) discusses need and importance of effective communication to 
cope with fragmented design process. Poor technical communication system is the most 
disruptive factor leading to duration overruns. Loss or change of key personnel in any 
construction project causes disruption in the project. He has used system dynamics 
approach for modeling project, which emphasizes the interrelationship. He proposes a 
design process model, which takes into account causes behind erosion of design 
productivity arising from changes in staff. It also discusses aggravation caused during 
learning period of new recruits. He has confined that design stage as the most critical 
stage in the project life cycle [Burgess and White( 1979)] and its effective management 
is crucial to the success of the project. 
4.10.26 VALUE ENGINEERING IN THE BUILDING 
Omigbodun (2001) examines how the value engineering cdncepts can be applied 
in the designing of a building. In building construction we use two types of product one is 
specific and another are general, opportunities for the application of value engineering in 
later type of product is more. Author has compared other methods of optimal designs 
such as design for manufacture and assembly (DFMA), concurrent engineering and total 
quality management. The concept of value engineering was applied in construction 
industry around 1988 (Dell Isola, 1988). 
The total cost of building is made up of, cost of land, cost of construction, and 
maintenance cost. Reduction in cost happens when owner, architect,maintenance engineer 
and builder interact with each other for the TQM. For value engineering application 
persons from different fields should be involved. 
4.10.27 CRISIS DURING THE CONSTRUCTION 
Loosemore(1998) has studied the behavioural aspect of project managers and 
persons involved in construction during crisis at site. Contingencies and crisis do occur at 
the site. He concludes that behaviour of people during crisis largely is guided by degree 
of severity affecting the individuals. A sense of collective responsibility is needed to 
manage crisis. He has identified effective communication, mutual sensitivity, collective 
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responsibility and team work as the corner stones for the crisis management in 
construction project. 
Direct labour cost constitute around 40 % of the total cost of the project. 
Therefore, the construction manager should have a clear cut labour policy at the site to 
optimize the direct labour cost. 
To optimize on direct labour one should be equipped with principles of labour 
economics, sociology and psychology of the region, insurance and labour laws, crew 
grouping, and multiskilling. 
Books available on construction management discuss the HRM as personnel 
administration only. The text, which reveals the philosophy of HRM in general and its 
specific application to construction industry, is missing. So scholar has tried to fill this 
gap-
4.10.28 MAINTENANCE OF THE CONSTRUCTION EQUIPMENTS 
There are so many standard books on construction equipment but they do lack an 
exhaustive treatment on maintenance aspect of the equipment. Since construction 
equipment involves capital expenditure. So maintenance and upkeep of equipment is a 
potential area of cost optimization. Scholar feels that knowledge of maintenance 
management is essential for a manager as technology is always a factor of production. 
Every technology uses equipment. 
Any dereliction in maintenance of construction equipment is an unpardonable 
offence on the part of construction manager. In present work scholar has discussed the 
basic philosophy of maintenance. 
Based on the personal professional experience and analysis of articles / research 
papers, it can be concluded that the learned authors have discussed important aspects of 
construction management but haven't touched upon the cost of the recommendation / 
suggestions made by them. It is ultimately the cost of the decision that occupies most 
prominent position in all aspects of decision making, which is possible only once it is 
calculated at each stage of decision making and thereafter it is optimized. Hence the 
present study is justified through which cost aspect at each stage of decision-making has 
been considered and optimization has been suggested. 
4.11 CHAPTERISATION OF THESIS 
Entire thesis has been divided into two parts, Part A and Part B. Part 'A' deals 
with managerial as well as theoretical background of cost optimisation. Part 'B' is 
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devoted to application of cost management tools and techniques without compromising 
on technical features of the problem. 
First chapter deals with profile of construction industry in India. It deals inherent 
characteristics of construction industry and also discovers the opportunities available to 
construction industry today for its growth. 
Second chapter deals with project management techniques applicable to 
construction industry because of simple reason that every construction is a project. It may 
be big or small in size. 
Third chapter thoroughly deals with various cost concepts, theoretical basis for 
managerial as well as mathematical optimisation techniques. 
Fourth chapter is related with research methodology. It discusses inherent nature, 
need and utility of research in general and managerial research in particular. 
Fifth chapter emphasises need of cost consciousness at each and every stage of 
project design and development. 
Sixth chapter is about cost effective management of fixed assets i.e. land, 
building, equipment and machinery. 
Seventh chapter deals with various aspects of cost effective method of purchasing 
of materials or with materials management techniques needed for construction project. 
Eighth chapter is about cost optimisation of human resource management in 
construction industry. 
Ninth chapter is about cost optimisation in maintenance and upkeep. 
Tenth chapter is the gist or conclusion of entire thesis and suggests direction for 
further research and development. 
4.12 LIMITATION OF PRESENT WORK 
Every study has its own limitation. The main limitations of present study is 
summarised as under. 
4.12.1 SUBJECT COVERAGE 
The study has been confined to workable limits as there are several issues like 
cost optimisation in paints or a discussion on the long list of materials used in 
construction could also not be incorporated due to the increasing volume of the thesis. 
4.12.2 TIME CONSTRAINT 
The entire research work was to be completed in the stipulated time. 
4.12.3 INDUSTRY COVERAGE 
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A thorough coverage on the working of major constrijction companies operating 
in India could not be incorporated due to inhospitable site location and lack of personal 
conveyance 
4.12.4 COST CONSTRAINT 
The scholar was always hard pressed for the finances, which was the primary 
requirement for the such study. 
4.12.5 PERSONAL BIAS 
The present study is based on the scholar's experience. So personal bias is always 
there. 
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CHAPTER-5 
COST OPTIMIZATION IN PROJECT DESIGN AND DEVELOPMENT 
5.1 INTRODUCTION 
Every project big or small of short duration or of long duration has some 
objective. To fulfil this objective some infrastructure is needed. This infrastructure may 
exist or to be created or upgraded. Any project comes out as a solution to some problem 
faced by the society or the country or the individual himself. 
Construction activity of any nature be it a dwelling unit, hospital, school, bridge, 
or dam is a project and needs to be dealt professionally to minimize cost and maximize 
benefit. 
If we take an example of construction of a hospital to improve the health standards 
of the people of the country. Following issues need to be examined. 
Firstly, what type of hospital it will be and what will be the extent of services 
provided. Will it be a 
(1) Primary Health Centre 
(2) General Hospital 
(3) Speciality Hospital 
(4) Super Speciality Hospital 
(5) Referral Hospital 
(6) Psychiatric Hospital 
Secondly to which segment of society it will serve, upper, middle or lower middle 
or below poverty line. 
Thirdly, who will be the funding agency? The project has to be formulated as per 
the guidelines provided by the financial institutions. 
Fourthly, it will be a profit making hospital or will it run on no profit no loss basis 
or will it be provided by the government as a part of National Health Scheme and at last 
number of hospitals to be constructed. 
When project has been defined in total then preliminary planning begins. 
At this stage planner should take advantage of past. Every country during its 
development process passes through more or less common stages. Planner should 
investigate the problem with the eyes of every one who will be associated during the 
construction of the project and with the eyes of those also who will use the facility 
created. 
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After preliminary planning the project has to be assessed from different angles, in 
brief Techno Economic feasibility report is to be prepared. For economic appraisal there 
are well-defined approaches and methods. There are definite United Nations (UN) 
guidelines for evaluation and appraisal of any project at international level and there is set 
guidelines given by planning commission of India, in India. 
5.2 HIRING OF HUMAN RESOURCE 
Human Resource is perhaps the most important resource, they are the people who 
supply the work, talent, creativity and drive to the organization and the project. 
The quality of human resource plays a much more vital role in any construction 
project as it involves huge expenditure at individual level and at country level both. 
The people who are most important in construction project are those who are 
giving shape to the "Blue Print", once the blue print has been converted into a material 
reality, it is very difficult to change or alter as it is an irreversible process. Thus, 
importance of human resource needs not to be emphasised any more. Now the next 
question is how to select the human resource. 
5.2.1 SELECTION OF HUMAN RESOURCE 
On the basis of human resource scholar classifies the construction project into two 
broad categories. 
(1) Projects which needs services of an architect and /or town planner e.g. buildings, 
hotel, development of new town etc. 
(2) Projects which does not need services of an architect and town planner e.g. multi 
purpose river valley project, irrigation project, reservoirs and water tanks, power 
transmission lines, road network, highways etc. 
Sometimes project has some special consideration like environmental 
considerations then we need services of other agencies also. 
5.2.2 SELECTION OF ARCHITECTS 
Before selection of an architect one has to assess the project on under mentioned 
principles of functional planning. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
Aspect 
Prospect 
Privacy 
Grouping 
Roominess 
Furniture requirement 
Sanitation 
Flexibility 
Circulation 
Elegance 
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(11) Economy 
(12) Ease of Maintenance 
(13) Ventilation and lighting 
(14) Orientation 
(15) Constructability 
(16) Special considerations 
Every architect like different personalities has some prejudice and bias. These 
biases can be seen in his planning or in buildings planned by him. Some architects are 
aesthetics conscious, some believe in functional utility, few architects are unable to 
visualise lighting in the building. Now the question is what is our requirement, e.g. if 
project in hand is a hotel then its elevation, finish and aesthetics are prime consideration 
while in case of hospital ease of cleanliness and maintenance are the corner stones of 
planning, on these grounds short listing of architects can easily be done. 
Although hiring the services of architects and consultants adds to the sunk cost of 
the project, but there is no harm in taking preliminary drawing from various architects 
and tailoring the same according to our own needs and requirements. 
Of course, the architect should have a thorough knowledge of engineering 
economics in general and civil engineering in particular e.g. percentage of corridor to the 
covered area is the prima facie parameters of performance of planning by the architect. In 
any case it should not exceed ten percent of the covered area. 
Cost optimisation of non-architectural structure is a well-developed area. There is 
no dearth of literature on structural optimisation but recommendations are usually missing 
in most of the books. However, theory of mathematical and managerial aspect of cost 
optimisation has been already discussed in chapter 3. 
5.3 PROJECT DESIGN 
Project design includes the following: 
(1) Location of the project 
(2) Selection of the site 
(3) Functional planning 
(4) Selection of Technology 
(5) Structural planning and selection of structural system 
(6) Structural design 
(7) Writing of specification 
5.3.1 LOCATION OF THE PROJECT 
Location of a project depends on the type of the project e.g. for a manufacturing 
unit availability of raw material is a prime consideration. For a referral hospital 
availability of specialist doctors is key consideration. In nutshell location of the facility 
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created will have a bearing on the cost of product or services rendered. However, in 
government projects it is the political will of the government, which decides project 
location. 
5.3.2 SELECTION OF SITE 
Various aspects of site selection have been thoroughly discussed in chapter 6. 
5.3.3 FUNCTIONAL PLANNING 
A detailed account regarding cost effective functional planning has been discussed 
in chapter 6. 
However poor planning of an industrial plant or assembly line will always have an 
effect on the productivity of the plant. 
Planning of industrial building is guided by so many factors like availability of 
sunshine, ergonomics, level of noise and vibration of machines, dust, logistics etc. In this 
regard feed back from existing unit is perhaps the best guide to reach on an optimal plan. 
Any person, who has well developed wisdom, had been associated in projects, has keen 
observation, experience and having analytical power, can suggest a suitable plan. 
5.3.4 SELECTION OF TECHNOLOGY 
Selection of technology is a major decision and this decisibn has to be taken at 
very early stage. In Civil Engineering construction a number of factors can influence the 
choice ordinarily, choice in material is limited to either concrete or steel. However, one 
cannot ignore locally available material. 
If a site is irregular in shape and loading conditions are also irregular, it may be 
convenient to design a frame using steel and reconcile with the disadvantages of 
irregularly sized columns and beam. A concrete structure is also possible but irregularity 
may result in higher cost for the formwork and difficulty in erection of shuttering. 
Conversely a building with the regular plan and constant concrete section, repetition of 
formwork and sizes will produce economies. 
Moreover reinforced concrete design allows a certain degree of flexibility as 
various loading conditions can be accommodated within a design by adjusting the 
quantity of reinforcing steel and keeping beam and column section constant which is not 
possible in steel structure. 
For any project most modern, most appropriate state of art technology should be 
selected but following parameters should always be considered during selection process. 
(1) Cost of construction. 
(2) Useful life of the project. 
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(3) Ease of construction. 
(4) Optimal time available for construction 
(5) Location of site and availability of human resource during construction. 
(6) Scrap value of the construction. 
5.3.5 STRUCTURAL PLANNING AND SELECTION OF STRUCTURAL 
SYSTEM 
Structural planning is a combination of art and science both. To suggest an 
optimal structural plan the designer should have following parameters in general in his 
mind serviceability, safety, durability, aesthetics, beauty, maintainability, feasible 
optimality, and constructability. 
To achieve all these at a time it needs a creative sense, ingenuity, expertise of 
technical manipulation, imagination, understanding and keen interest in the structure of 
fauna and flora, a good knowledge of structural engineering based on past experience and 
experimental statistical data of case studies are few elements which constitute the wisdom 
for the design of optimised structural planning. 
To suggest the most suitable, optimal structural system the designer and his client 
should thoroughly know the different possible alternatives. A classification based on 
functional use is as shown in Table 5 .1 
Function 
To provide enclosure 
To provide support 
To provide passage for flow 
To provide cover 
To retain material 
To contain material 
Structure 
Buildings 
Trestles, masts, piers, columns 
Bridges, aqueducts, pipes, siphons, conduits, 
tunnels, chimneys 
Shell roofs, domes, slabs, trusses 
Retaining walls, dams 
Water tanks, silos, bunkers 
Table 5.1 : FUNCTIONAL USE OF VARIOUS STRUCTURES 
Now the next stage of design is analysis view of the proposed structure which is 
as given in Table 5.2 
Type 
Discrete system 
Continuum system 
Combined system 
Structure 
Beam, column, arch, frame, grid 
Plates, shells 
Stiffened plate, bridge-deck 
Table 5.2 : ANALYSIS VIEW OF VARIOUS STRUCTURES 
The ultimate aim of the designer is to optimise the system with constraints of cost, 
safety, durability, serviceability, maintainability and lastly beauty. 
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When the type, form, geometry, material and method of construction has been 
decided, few more information on project should always be taken from client like as 
listed below. 
(1) Functional use of a structure, 
(2) Availability of resources: money, material, manpower, machinery, equipment, 
construction group and time available for construction. 
(3) Unique features depending upon type of structure viz. log term durability for 
dams. 
(4) Seriousness of Structure viz. nuclear reactor 
(5) Level of aesthetics and beauty desired. 
(6) Likelihood of changes in occupancy and functional use. 
(7) Possibility of future expansion. 
(8) Consideration of maintenance, repair and replacement cost. 
(9) Relative importance or weightage between time, economy, resources etc. 
5.4 THE SPECIFICATIONS 
When the planning and design part are over the next stage is writing of 
specifications. To write a balanced, rational and appropriate specification, needs 
experience, knowledge of case studies, codes' recommendation as over and under 
specification both are undesirable, over specification is a hidden drain while under 
specification produces less durable structure. 
5.4.1 SPECIFICATION WRITING 
For writing specification, one should study construction industry in all aspects. It 
is really difficult task to write an explicit specification free from ambiguity. Specification 
writing is the work of a group rather than one-man show. The degree of explicity of 
specification depends on the competence of crew who will use the specification. Different 
aspects of construction are as under: 
5.4.2 CONSTRUCTION TECHNOLOGY USED 
The specification writer should make himself well versed with the intricacies of 
the job and technology used. If the part of the work is dealt in isolation it may lose it 
relevance in the whole construction activity 
5.4.3 BUILDING PROCESSES AND TRADE OPERATIONS 
In construction activity workmanship is a matter of subjectivity, the standard of 
workmanship should be known before hand to construction agency. Scholar feels that 
there is no harm if reference is made to any existing construction. If the limits of best and 
worst are known then it is easy to choose the right standards for the work in hand. 
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5.4.4 CONSTRUCTION MATERIALS 
Usually engineers are well versed with nature and properties of all common 
buildings material but this knowledge must be complemented with the knowledge of all 
the brands and packing sizes available in the market. Thus, it makes possible to select 
correct grade of material or fixtures for the work in hand. 
5.4.5 TECHNICAL TERMS AND EXPRESSIONS 
In civil engineering and architecture, construction practice has its own 
terminology like other profession. It is obligatory upon the specification writer to use 
those terms whose meanings are given in the standard dictionary. Sometimes terms used 
in specification need legal interpretation. Every caution must be taken to ensure the terms 
used are given in standard code of practice or manuals of the department. 
5.4.6 LANGUAGE OF THE SPECIFICATION 
The language of specification must convey intended or full meaning to the other 
members of the construction team. The intentions and spirit of the designer on all points 
that cannot be adequately expressed on the drawings should be written in specification. It 
can happen only by describing method of construction, its materials and the standard of 
workmanship in each and every aspect of the work. This is possible only, when we adopt 
a system of writing i.e. a standard format of clauses and sections and sub-sections and of 
course with a clear concise and unambiguous language. It is also imperative that written 
specification should not exceed beyond the originally agreed standards. Thus 
specification writing is really pains taking job if one wants to realise real value of money 
and suggest a solution, which is cost effective 
5.4.7 DRAFTING THE DOCUMENT 
When the plan and design are complete, engineer and architect have fully used 
their skills and wisdom to produce the optimal solution what is left is to bring the 
recommendation and specification in the form of drawing, which can be used as a set of 
documents for use in bids. 
The drawings are complete but each specification had been written in virtual 
isolation from the others and need editing and wetting for inclusion as a contract 
document. 
This combining and drafting activity needs special editing skills and patience, as a 
hurriedly written specification generally ends in an ambiguous and self-contradictory 
jumble of clauses. 
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Thus it Is necessary to read and understand each and every specification note, not 
only to discover what is specified but also to have a feel and insight into the kind of work 
that designer had conceived in his mind. In writing specification, it is a good practice to 
refer to standard IS specifications. 
5.4.8 THE USE OF INDIAN STANDARDS 
Expert committees of the Indian Bureau of Standards after due research, 
investigation and consultation with the various interests concerned draft Indian standard 
specifications. The presence of ISI mark on any product means, IS bureau has satisfied 
himself by the independent inspection and tests that the product has been made as per IS 
norms. The ISI mark is not a "once and for all" approval, periodic inspection, testing and 
production methods are periodically checked through out the commercial life of the 
product. 
The Indian Standards for use in the construction industry are summarised and 
issued in the classified list of Indian standards, civil engineering department. 
It is worth mentioning that every word in the code is important. So reference in 
the contract document should be made with caution. The standards connected with the 
construction industry fall mainly in five groups in general: 
(1) Codes specifying quality of material e.g. IS 269:1989 for OPC. 
(2) Code specify quality of workmanship e.g. IS 1081:1960 for fixation of aluminium 
doors and windows. 
(3) Code specifying both materials and workmanship, e.g. IS 456:2000 for plain and 
reinforced concrete. 
(4) Codes which classify and do not attempt to set down rules of manufacture or 
workmanship e.g. IS 5410:1992 for cement paints 
(5) Codes giving recommendations only e.g.IS:4998:1992 part -I for the assessment 
of load for R C C chimney. 
The tasks of specification writer is lightened if he refers to relevant IS 
specification. 
Now it is no longer necessary to specify all the details where there is a relevant IS 
recommendation. Thus, in specifying timber for joinery, instead of saying the timber shall 
be 'free from rot, knot, heart shake, cup-shake, checks, splits, etc' it can be given as 'of a 
quality not less than that laid down in IS: 5246:1969. Care must be taken to ensure that 
the IS code does say and specify what you want. 
While using the Specification it must be remembered that what is written must be 
read with utmost care and transform it into a material reality during the job execution. 
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5.4.9 THE USE OF SPECIFICATIONS 
The owner, architect and contractor use the specification for following purposes: 
(1) For preparing the estimates. 
(2) For submission as a tender. 
(3) For ordering the material. 
(4) For organisation and execution of the works. 
5.4.9.1 PREPARING THE ESTIMATE 
On the basis of specification and drawing of the woric, architect prepares tender 
documents, which is a statement of bill of quantity and approximate cost of the work. 
After preliminary work on the papers received from the office of the architect or client, it 
is put before the top management of the company for the following consideration. 
(1) The contract is within the experience of company. 
(2) The size of contract is too big or too small. 
(3) Company is capable of delivering desired quality of work or company does not 
want to be associated with proposed low quality product. 
(4) Capacity and availability of financial resources to handle the proposed work. 
(5) Suitability of timing of commencement of contract within the organisation. 
(6) Duration of contract. 
(7) Likelihood of getting the contract and making profit out of it. 
(8) Lastly, confidence of directors to complete the project and it will enhance 
reputation of the company and a proper return will be earned on the capital outlay. 
When, the managing team, has satisfied on all the above-mentioned issues then 
estimator is asked to prepare cost estimates. 
Now, it is obligatory upon estimator to become familiar with the design and 
standard of workmanship described in specification. In fact he should absorb all the 
details in his mind. 
Now the next task for estimator is to edit the specification in such a manner, 
which can be understood by sub-contractors. Now he will obtain rates and quotations 
from sub-contractors and suppliers on the basis of bill of quantities. 
Estimator has no problem in obtaining rate of every day material like cement, sand 
and brick. So pricing of items involving such material can begin without any delay and 
simultaneous search for rates of unusual material or unusual works should begin as it may 
take time. 
If there is wide variation in rate and specification then matter should be referred to 
architect immediately and revised specification should be obtained, as it is necessary to 
avoid guesswork in pricing. Any guess work in pricing is a pitfall. 
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5.4.9.2 ORDERING THE MATERIALS 
Most of the big construction companies have a purchasing department who 
procures the material for the work at competitive prices around the rate assumed in 
estimates. 
Purchasing officer should also monitor quality, quantity, physical condition of 
goods and delivery time at site. 
Planning section should send advance information to purchase officer for the 
quality, quantity and dates on which material is needed. Purchasing section should be 
given due lead-time. 
The purchasing section should maintain a testing laboratory at least for prima 
facie test prescribed by IS code for material to ensure that materia! conforms to desired 
specification. There is no harm in sending the samples of material to architect and 
consultants for their approval to avoid future litigations. 
5.4.10 ORGANISING AND EXECUTING THE WORKS 
The construction department handles the drawing and translates the design into 
material reality by the use of construction material. Therefore, crew on site should be 
conversant with design requirements expressed on the drawing and mentioned in the 
specification. Quality is every one's concern in the organisation. When the material is 
being loaded or delivered on the site, the men should know that quality is desired one and 
most suited for the work. The quality of material in no way should hinder the goal for 
achieving specification requirements to obtain the desired result. 
On arrival of material, site foreman must inspect consignment and should 
ascertain that requirement of specification is fulfilled. If it is not up to mark then lot 
should be immediately rejected and sent back to the supplier. If site foreman does not do 
this then consultant or its representative will do so on his next visit. Subsequently, needle 
of suspicion will point towards organisation. 
If the specification requires certain materials should be tested by an independent 
testing laboratory then samples must be taken in accordance with the sampling procedure 
laid down in relevant IS code otherwise architect can reject the result on the ground that 
sampling was not fair one. It means fresh sampling, resulting loss of time and extra 
expenditure. 
When the material of right quality is available on site, the very next duty of 
foreman is to know the standard of quality of workmanship to be attained. Everyone on 
the job must know this standard. It does not mean that every artisan should have a copy of 
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specification. The only intention is to maice them clear that quality of work should not fall 
below this standard otherwise architect will not hesitate in pulling it down or get it 
removed. Organisation must be firm in implementing this policy to maintain a good 
standard of work. 
Thus site foreman should not treat specification as reference document to which 
he will refer when information is not available anywhere else. Specification should be 
treated as primary source of reference on the quality of material and workmanship in the 
contract. 
5.5 COST ASPECTS OF DESIGN 
The cost of most of the civil engineering construction can be reduced if functional 
requirement and purpose for which structure is being constructed is thoroughly clear to 
designer. 
Taking full advantage of materials available, by applying principles of 
optimization and exposure to construction activity, can produce cost effective design. 
The object of good design is to provide required strength at minimum possible 
cost without compromising on quality, beauty and functional utility. 
5.5.1 CHOICE OF FOUNDATION 
In designing the foundation, full advantage of sub soil characteristic should be 
taken and most suitable foundation type should be selected. 
5.5.2 ECONOMY IN CHOICE OF CONSTRUCTION MATERIAL 
Steel, cement and timber are expensive material. Stone, brick and clay are cheaper 
material. The type of work, local conditions and skill of labour available guide the 
selection of construction material. It requires a sense of cost, ingenuity and knowledge of 
optimisation to decide how to combine cheap and expensive materials to suggest a truly 
economical construction. 
An experienced designer should take advantage of different construction 
technology and construction material available in the market e.g. steel structural work and 
reinforced concrete construction both have their own merit and demerit. This is the 
wisdom of designer that decides what should be constructed in steel and what should be 
constructed in concrete. 
Load bearing walls and few RCC columns are common practice in India in 
construction of residential houses. Over specification and waste of material is a common 
scene in residential construction. However, use of steel structure in residential 
construction is almost nil in India. 
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However, use of Ferro cement is becoming popular in India now days. One cannot 
ignore use of timber in construction activity. Timber and associated products are 
extensively being used in India. Use of anodised aluminium section has also become 
popular for interior partitions in building. 
In designing, scholar is of the opinion that a little thought or research or 
investigation should always be done in deciding material of construction. A little 
investment of time can save million of rupees in a project. 
Every construction has two cost components i.e. material and labour. In present 
economic order of India where government is striving hard to improve wages of labourer, 
any designer cannot ignore labour component of cost. When shuttering and labour cost in-
situ construction exceeds beyond a certain limit then option left is use of pre cast 
members. 
5.5.3 USE OF PRE-CAST MEMBERS 
Since cost in-situ concrete cannot be relied upon for consistency of quality, 
variation in quality has to occur. The factors like w/c ratio, curing conditions, proper 
proportioning, level of compaction which affect the ultimate strength are better controlled 
in pre cast members, of course an additional parameter of handling stresses should always 
be considered in designing of prefab members. There is no limit or boundaries for the use 
of pre cast members. 
5.5.4 SAVING IN LABOUR COST 
In civil engineering works labour cost can be divided in two major heads. One is 
cost for material handling and second is cost of craftsmanship. One should always try to 
reduce material and handing cost by unloading the material as near to point of 
consumption as possible e.g. unloading of bricks in any housing project. Time motion 
studies on site should always be done. For example an operation originally taking twelve 
minutes, by a slight modification, this time can be reduced to ten minutes. This apparently 
minute saving of two minutes may represent a substantial sum of money and time over a 
long duration contract. 
The steel and steel work should be stacked near the erection area and there should 
be steady delivery of units in correct sequence for erection. Speedy delivery is necessary 
but sudden delivery bursts are source of irritation. The job should not be overloaded with 
deliveries causing congestion and at the same time, job should not starve for material. 
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5.5.5 ECONOMY IN FORM WORK 
One should use as little formwork as possible. The reason js very simple 
formwork has a cost. In case of beams and slabs, formwork always slows down the 
progress of the work. Pre cast elements have advantage of speedy construction. Pre cast 
elements also eliminates the need for shuttering and propping the beams fourteen to 
twenty one days. 
There are no definite straightforward rules for optimal use of formwork. Job itself 
suggests how that will be handled as experience is gained. 
5.5.6 FUTURE EXTENSION 
In any structure, cushion must be provided for future extension e.g. if local 
development authority is not allowing basement as on today. Footing of the column must 
be provided at the level, which will accommodate the headroom of basement, or columns, 
and should have reserve strength to bear the load of extra storeys expected to come in 
future. 
5.5.7SPACING OF COLUMNS 
Fixing of column is perhaps the most difficult part of structural planning. If 
columns are not properly spaced heavy beams will be needed to carry the load from the 
floor and roof slab. In reinforced beam slab construction thickness of slab should be 
reduced as much as possible because of two reasons firstly to reduce the cost of slab and 
secondly to reduce the load on beams and columns. 
5.5.8 ECONOMY THROUGH REPETITION 
The use of similar units is the right way to save on shuttering. Sometimes size of 
shuttering available forces the designer to choose the particular section is of vital 
importance if the large proportion of the work is cost in-situ because any change in 
formwork will lead to additional expenditure. 
5.5.9 SKILLS AND CRAFTSMANSHIP OF LABOUR, ARTISANS AND USE OF 
LEARNING CURVE 
It is imperative upon the construction manager to hire the best possible workforce 
available but he is handicapped if desired work force is not available in nearby area. The 
designer and especially architect should always keep this constraint in mind. Maximum 
use of learning curve should be made in all the construction activities involving human 
resource for intricate works. Skill assigned to a particular job should match with the 
workmanship needed. 
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Now the next stage is procurement of material i.e. materials management which 
has been thoroughly dealt in chapter 7. When the material has been procured then the next 
stage is construction or implementation phase of the project. 
5.5.10 CONSTRUCTION SITE LAY OUT 
Layout of temporary facility at construction site significantly affects cost of the 
project. The objective of site layout is to determine positioning of temporary facilities 
throughout the project in such a manner which will improve the construction process i.e. 
reduction in project cost, improved quality of work and improved safety of operations. 
A proper lay outing of site reduces travel time, cuts unnecessary movement 
resources and handling of materials. 
Recently Mawdesley, Al-Jibouri and Yang (2002) have used genetic algorithm to 
solve site layout problem. 
5.6 THE PROJECT IMPLEMENTATION 
The project implementation stage brings material reality into the picture. The blue 
prints are transformed into tangible reality. In implementation stage project is monitored 
from all aspects. Construction phase can be said as heart of the project. Implementation 
phase uses scarce resources and generates project output. This phase achieves anticipated 
outcomes in terms of technical performance within given costs and time schedules. In this 
phase real monitoring is done i.e. deviations are anticipated from planned performance 
and necessary measures, steps and adjustments are made as and when needed. 
Construction is not a new activity. The history of construction goes back to the 
civilization of Egypt and Rome where the surviving ruins attest the brilliance of 
architecture and the marvel of construction but we little know about their construction 
planning and scheduling, perhaps they would have solved the problems by the use of 
"bigger whip philosophy". However, Gantt & Taylor of early 1900s can be said as 
pioneer in an attempt to solve work-scheduling problem by the use of Gantt Charts, which 
is the basis of bar chart of today. Bar chart has certain fallacies, which can be summed up 
in one sentence that it suffers from a "morning glory complex". It blooms early in the 
project but is nowhere to be found later on. This led to the development of the technique 
CPM. This was first used by E.I du Pont de Nemours Company for planning and 
scheduling of construction project. Since then it is being modified and thoroughly used 
for construction project, as it is best suited for the same. The main emphasis in this 
technique is identification of critical activities. 
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In January 1958 development of PERT was originated by US Navy to monitor 
Polaris Missile Programme. In PERT, key events or milestones are identified which has 
to be met to complete the project on schedule. Minor milestones within the major 
milestone are identified next. These milestones are monitored at regular interval of time 
to evaluate the project status. However, PERT is much suited for defence project. 
Fixation of various types of estimates in PERT is always a challenge. Stochastic 
simulation can eliminate merge event bias in the PERT but calculation of three point 
estimates from beta distribution can cause suspicion in simulation results. Recently Ming 
Lu (2002) has enhanced PERT simulation in terms of input modelling through artificial 
neural network (ANN) to estimate true properties for the beta distribution from statistical 
sampling of actual data combined with subjective information. 
He found consistency in results on comparison with other packages like Beta Fit, 
VIBES and Best Fit. 
Following Table 5.3 brings out similarities and differences in two approaches. 
Consideration 
Based on logic network 
Emphasis 
Time estimate, project time 
Method of estimating time 
ProbabilitN' 
Scheduled event times 
Total float (slack) 
Free float 
Negative float (slack) 
Used for planning new work 
Used to monitor existing work 
PERT 
Yes 
Event 
Yes 
Three 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
CPM 
Yes 
Activity 
Yes 
One 
No 
No 
Yes 
Yes 
No 
Yes 
Yes 
Different 
X 
X 
X 
X 
X 
X 
X 
Similar 
¥< 
• 
^ 
V 
Table 5.3 : A COMPARISON OF PERT AND CPM NETWORKS 
Today there is no dearth of such network techniques but still CPM has not lost its 
importance 
5.6.1 THE CPM IN CONSTRUCTION 
CPM and PERT are generalized networking tool, which can be applied in any type 
of project at any time. CPM is more suitable for construction. Different network 
scheduling for specific civil engineering projects have been developed with different 
names. Civil engineering projects can be classified in three broad categories. 
First type of project which is made up on non-repetitive discrete activities at one 
project and same is to be repeated at another project at different location are called non-
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repetitive project and uninterrupted utilization of resources on sucii projects are called 
with different names as under. 
1. Line of Balance (O'Brien, 1969). 
2. Construction Planning Technique (Peer, 1974). 
3. Vertical Production Method (O'Brien, 1975). 
4. Time Location Matrix Model (Birrel, 1980). 
5. Time Space Scheduling Method (Stradal and Cacha, 1982). 
6. Disturbance Scheduling (Whiteman and Irwing, 1988). 
7. Horizontal and Vertical Logic Scheduling (Thabet and Beliveau, 1994). 
The second type of project in which activities are continuously repetitive e.g. 
construction of high ways, tunnel, laying of pipeline. In such projects progress is 
measured in terms of horizontal length. Such projects are called linear projects and 
scheduling technique of such projects is given different names as under. 
1. Time Versus Distance Diagram (Gorman, 1972). 
2. Linear Balance Charts (Barrie and Paulson, 1978). 
3. Velocity Diagrams (Dressier, 1980). 
4. Linear Scheduling Method (Johnston, 1981). 
Third type of project in which activities are discrete and unique and there is no 
likelihood of repetition anywhere in near future. Management of such projects need 
wisdom rather than routine scheduling method. 
In recent years optimisation of repetitive construction has received importance. So 
many researchers have tried to optimise repetitive construction. Repetitive construction 
optimises resource utilization and can significantly reduce project duration and cost of 
repetitive construction by fixing optimum crew size for each activity El-Rayes and 
Moselhi ( 2001) have developed automated, a practical optimisation model which uses 
dynamic programming along with scheduling and interruption algorithm. 
Hegazy and Wassef (2001) have optimised projects with repetitive non-serial 
activities for direct cost, indirect cost, interruption cost, incentives and liquidated 
damages for a project by using genetic algorithm. 
El-Rayes (2001) has given object oriented model for repetitive construction 
scheduling. The model incorporates newly developed procedure for resource driven 
scheduling of repetitive activities ( El-Rayes and Moselhi 1998), for optimisation of 
construction scheduling and integration of repetitive and non-repetitive scheduling 
techniques. The model is named LSCHEDULER and is implemented as WINDOWS 
application that supports user friendly interface including menus, dialogue boxes and 
Windows. 
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Harmelink (2001) has suggested rate float rather than float as more appropriate 
parameter for linear construction. Linear project can be defined in which majority of 
activities are "linear activities". Linear activities are those activities that are completed as 
they progress along a path (Harmelink and Rowing (1998) e.g. highway construction. 
Linear scheduling technique is better suited for the linear project. He has applied rate 
float characteristics to the linear scheduling model algorithm (CAP) controlling activity 
path in linear schedule (Harmelink and Rowings, 1998, Harmelink, 1995). 
In linear projects machinery or equipment both move simultaneously with the 
repetitive activity but there is another type of linear activity in which machinery is fixed 
and repetitive activity happens, precast production falls in this category. Many scheduling 
technique such as Line of Balance (LOB) and analytical methods have been developed in 
past to solve repetitive scheduling problem. Leu and Hwang (2001) have proposed 
optimal repetitive scheduling model for precast production. 
The repetitive construction can be classified as horizontally jointed and vertically 
jointed. The repetitive construction at different sites is called multiple repetitive 
construction process (MRCP). This includes both horizontal as well as vertical jointing. 
Kang, Park and Lee (2001) have developed construction-scheduling model for (MRCP) 
incorporating number of work areas, crew grouping, size of work zone in horizontal 
repetitive process and frequency of horizontal repetition for each operation on any floor 
of the vertical repetitive process. 
Yamin and Harmelink (2001) have done a comparative study for linear projects. 
They have presented the comparison in a tabular form as shown in following table. 
Attribute / 
dimension 
Aid in reduction of 
uncertainty / risk. 
Aid in improving 
production and 
economical 
operation. 
CPM 
Although CPM schedules use 
fixed duration for activities, it 
can be easily complemented by 
PERT with statistical 
capabilities. This feature helps 
planners to get a better idea of 
time and schedule risks. 
With the incorporation of 
resource levelling / allocation 
techniques, CPM schedules 
can improve the overall 
completion time and costs by 
affecting production (add or 
remove resources). 
Some limitations have been 
LSM 
There is no formal 
method developed to date 
that could allow LSM to 
determine uncertainties, 
in time, completion. 
Limited capabilities in 
improving production by 
changing resources. 
Easy to schedule 
continuity on linear 
projects, improving 
co-ordination and 
productivity. 
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Aid in achieving 
better understanding 
of objectives. 
Accurate 
calculations 
Critical path 
Ease of use 
Easy to update 
identified when scheduling 
continuous projects - difficult 
to maintain continuity in crew 
utilization. 
In complex projects, CPM 
network can be very 
convoluted. This complexity 
makes them difficult to 
understand and communicate. 
CPM allows the PM to 
calculate the time it would take 
to complete projects, and 
together with the PERT could 
provide statistical insights to 
this process. It is difficult to 
accurately determine and 
represent space restrictions (if 
any). 
It is the main feature of the 
CPM, which can be done very 
easily. 
Extensive computerization has 
made the CPM method easier 
to use. However, the user 
needs a considerable amount 
of training before actually 
being able to produce valuable 
information for controlling 
purposes. 
The method could be difficult 
to update. Once several 
updates have been done, it 
becomes difficult to read. 
Updated schedules are usually 
out of date when they are 
finished. 
LSM is very easy to 
understand, and it can be 
used at every level of the 
construction project. 
Location / time 
calculation is easily done. 
This is the greatest 
advantage of LSM over 
CPM when scheduling 
linear projects. This 
capability allows PM to 
accurately plan activities 
both in time and location. 
The LSM algorithm 
calculates the controlling 
activity path (CAP), 
which is equivalent to the 
critical path, with the 
additional feature of 
locational critical ity. 
Very initiative and easy 
to understand. It can be 
used at all levels of the 
company (managers, 
superintendents and 
crew). 
Lack of computerization 
makes it difficult to use 
in large and complex 
projects. 
Update LSM is simple. 
Linear scheduling can be 
used as-built documents 
for claim purposes or for 
historical productivity 
databases. 
Table : 5.4 COMPARISON OF CRITICAL PATH METHOD (CPM) AND 
LINEAR SCHEDULING METHOD (LSM) ALONG WITH IMPORTANT 
PROJECT MANAGEMENT ATTRIBUTES 
For very specific linear and continuous activity, LSM is superior to CPM but 
CPM is more comprehensive tool than LSM due to availability of analysis tools. 
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A comparative study of linear scheduling modelling (LSM) and repetitive 
scheduling method RSM shows similar results thus both are equally good and has been 
confirmed by Mattila and Park (2003). 
The use of CPM has been increased widely. The size, complexity involved and 
value of the project guides extent of use of network analysis. The use of CPM or network 
analysis gives a firm ground for planning which is usually vague, unidentified and 
sometimes incorrect. The extent of application of network analysis depends on capability 
and experience of man who is handling the project. 
The project should be analysed before or immediately after the award of contract. 
CPM can be applied at any stage of the project. CPM always gives an opportunity to push 
the project until it is completed. For preparation of network one needs, data, information 
i.e. a database or information system. 
5.6.2 TIME OF APPLICATION OF NETWORK ANALYSIS IN CONSTRUCTION 
PROJECT 
CPM can be applied at any time after construction has begun. If, three months 
after the start of construction, the project is in schedule trouble or sick, CPM can be 
applied for the rest of the project. CPM offers an opportunity, which continues to knock 
until the project is finished. 
5.6.3 INFORMATION GATHERING 
Any network preparation needs two things firstly sequence of activities and 
secondly fixation of duration of each activity. Information can be had from past record or 
by calling a conference of those working team who had recently worked on similar job. 
Like any product, network preparation also has different stages like preliminary, 
intermediate and final stage. 
The preliminary network is drawn on a black board. When the member of the 
group agrees on duration and sequence of activities the network is drawn on a tracing 
paper for blue print and entire network detail is fed to computer. 
CPM plan should always evolve from consensus and should have maximum 
information about duration and sequence of each and every activity. This is particularly 
important, as contractor is usually delegated with broad powers in scheduling of his work. 
Thus what purchases the owner from contractor is his know how, expertise, nothing in 
CPM plan should preclude him in using his best talent. 
In India, there is no dearth of cases in which public works are awarded to barely 
qualified contractors. Engineers as well as contractors have been of the view that CPM is 
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not applicable to Indian conditions but scholar feels there is nothing wrong in CPM. It is 
the incompetence of contractors and engineers, which is speaking. They need thorough 
training by a consultant for using CPM. 
Another approach of preparing network is executive approach in which one or two 
persons meet the contractor's men and experienced persons and draw a network. People 
have objection in this approach because people always have a notion that project should 
suit the network rather than best-suited network should be made for a particular project. 
The third way is to appoint a CPM consultant who will go through the details of 
project and will meet work superintendent of contractor and experienced persons. After 
collecting piecemeal information he will prepare a CPM network. This network should 
not give a feeling of bore-down to the people who are participating in the project. 
However, consultant approach is very effective when the project people have an 
experience of CPM planned project, only then confidence is developed in CPM. 
5.6.4 PREPARATION TIME FOR THE NET WORK 
It is difficult to quantify the time needed for the preparation of initial network. It 
depends on so many things like nature of the project, experience in CPM, extent of detail 
required in the network. 
If the manager is familiar with the activities involved then network construction is 
not difficult. If the operations involved in the project and has never been accomplished in 
the past then networking may require substantial study and discussion with the associated 
experts but care should be taken while fixing the duration of different activity. One 
should not be too optimistic. Scholar is of the view that at every project, information 
should be recorded to maximum possible extent i.e. time lost in any activity should also 
be recorded. 
5.6.5 THE CONSTRUCTION SCHEDULING 
Network analysis like CPM has been intensively used in construction industry for 
construction, planning and controlling. In traditional CPM approach major objective is to 
build up the feasible duration required to perform a specific project ignoring availability 
of resources, which is not a realistic assumption. The problem associated with CPM can 
be broadly classified in three groups: (I) Time / cost trade off, (2) resource constrained 
allocation, (3) unlimited resource levelling. Many analytical or heuristic models were 
generated to solve the problems in each category. All the models can be summarised as 
Table 5.5. 
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It is clear from the table that in all the categories number of objective is-only one. 
The entire project can be dealt in various stages treating distinct sub-problem one after the 
other rather than simultaneously. Therefore, none of the technique or combination 
guarantees a project schedule that optimises the project in totality. 
Objective 
Characteristic 
of objective 
Cost 
Resource 
limitation 
Traditional 
CPM 
Feasible 
project 
duration 
Single 
Not 
considered 
Not 
considered 
Time / cost 
trade off 
Minimum 
project cost 
Single 
Considered 
Not 
considered 
Limited 
resource 
allocation 
Minimum 
project 
duration 
Single 
Not 
considered 
Considered 
Unlimited 
resource 
levelling 
Minimum 
variation of 
resource 
profile. 
Single 
Not 
considered 
Not 
considered 
Table : 5.5 SUMMARY OF CONSTRUCTION SCHEDULING MODELS 
Recently Leu and Yang (1999), Hegazy and Erashin (2001) have developed multi 
objective or multi criteria model for overall schedule optimisation. They have used 
genetic algorithm for the solution. 
CPM and PERT are being used, for planning and controlling of construction 
project since 1950. For monitoring purpose, two integrated system; cost / schedule / work 
method (Steven, 1983) and the Earned Value System was proposed by US Department of 
Energy (1979). These methods make use of S-Curves to represent cumulative cost linked 
or linearly related to the project schedule. These tool for integrating cost and schedule 
control. 
In spite of best use of CPM S-curves construction project suffer from delays and 
cost over runs (Sha-ath and Singh, 1994). Apart from the problem of cost over run and 
delays; classical CPM and PERT approaches have strong limitation in dealing with 
variegated nature of construction project because of number of factors like inhospitable 
terrain, weather, labour productivity. Since CPM is deterministic in nature and defines the 
duration of the project with a single specific number. Although PERT uses distribution of 
possible project duration but once most likely duration for each activity has been fixed; 
PERT approach cannot consider different possible critical path. This phenomenon is 
sometimes called Merge Event Bias. 
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Recently Barraza, Back and Mata (2000) have studied probabilistic project 
performance monitoring by using stochastic progress based S-curves (PB-S) curves. 
Stochastic SS-curves can be applied for more meaningful forecasting of possible final 
cost values and completion date distributions using actual cost and actual progress with 
simulation of variability of future activities. In this way a project can be monitored by 
comparing distribution of planned SS-curves with those of forecasted SS curves. 
After preparation of network the next stage is scheduling. For critical activities 
picture is very clear. The problem arises with those activities, which have always-longer 
floats e.g. 120 days. However, with the help of computer, allocation of total float to each 
activity has become easier but the person who is allocating the float should have good 
judgment, since the arbitrary allocation only clouds the network information. It is just 
common sense to allocate larger and smaller proportion of float to different activities. 
5.6.6 THE PROGRESS MONITORING 
For monitoring the progress of the project, CPM network can be placed on ihc 
wall of the office and progress is marked directly on it. This practice has a behavioural 
effect on the minds of worker and give them a sense of achievement and more over it is 
accessible to all the men. This also helps the construction manager for every day 
reporting to head office for the day's progress 
Usually project manager are very optimistic in time estimation for an activity. 
They decide the duration on the basis of their experience. There is no doubt in it that 
experience has no substitute but its application should be done with caution, as two 
projects are not identical in every respect. 
If project manager is not confident about reasonable end dates, he should make 
adjustment. Now he has the option, either get the schedule changed or get permission to 
crash the activities. 
Now the CPM schedule is established but it is a real schedule for critical activities 
only as critical activities have definite start and definite completion dale. But the problem 
arises with scheduling activities having float of 90 days. There are two ways to allocate 
this float either assign the float to different activities on fiat basis or proportion the float 
according to duration of different activities. A computer programme can do this also but 
in assigning float, a judgment is needed. 
5.6.7 THE RESOURCES 
In network preparation of CPM it was assumed that all types of resources are 
unlimited and are available at desired time. 
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This situation should always be maintained with critical activities. It is the duty of 
construction manager to provide work for their crew to retain them within the 
organisation, as it is not practically possible to call men on the one-day and send them off 
next day. To avoid such situation float time should be used in spreading out crew 
assignment. Crew scheduling arrows are added to recognise such situation. 
Sometimes planners have a notion that they have planned the project more 
carefully than ever before and do not take feed back from the people who are at the helm 
of affairs. In early CPM applications, the CPM network was left to its own devices once 
the project was in progress. Today, it needs very close monitoring otherwise it will be a 
case of break down of engine of a new car because of poor maintenance. 
The network technique: Critical Path Method (CPM) is in extensive use in 
construction industry for construction planning and scheduling and monitoring of the 
project. In conventional CPM approach the major objective is to build a basis for feasible 
duration needed to accomplish a specific project. The assumption of unlimited resources 
is a non-pragmatic thinking. The construction resources like crew size, equipment and 
materials are limited at the real construction site. Due to resource availability constraints; 
activity duration and sequence of activities may need adjustments. Subsequently the 
project cost may also change accordingly. 
To deal with such situation of availability of resources, construction scheduling 
must incorporate resource allocation. Since resource allocation is a practical problem of 
construction and manufacturing industry. So this issue has been studied intensively. In 
general this problem can be classified in three broad categories. 
1. Time/Cost Trade-Off 
2. Resource Constrained Allocation. 
3. Unlimited Resource Levelling. 
Many analytical or heuristic models have been developed by Hegazy,Moselhi 
and,Fazio(l993), Hegazi and Moselhi (1994) to solve the problem in each category, for 
different types of project. The handicap with analytical model is; inability lo solve huge 
and more complex problem effectively. The heuristic models are problem dependent so it 
gives specific solution. Such solutions cannot be applied to all construction cases in a 
straightforward manner. It has been found that heuristic model is not always optimal 
solution. Moreover, traditional heuristic and analytical model generally focus on a single 
objective. 
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5.6.8 TIME COST TRADE OFF 
In any construction project network a set of tasks is to be completed according to 
some precedence relationship. The sole objective is to select appropriate resources; 
human and non-human, equipment and technology to complete the task within given 
duration with minimum cost. This problem is referred as time cost trade off problem. 
In past many studies have been done on developing analytical technique for 
solving time cost trade off problem. Latest studies include genetic algorithm approach by 
Li, Cao and Love (1999), Hegazy and Ayed (1999) and Que (2002). 
Genetic algorithm is the set of tools based on natural selection and the mechanism 
of population genetics developed by John Holland. GAs make a direct search inspired by 
the process of natural evolution and the principle of "survival of the fittest" for locating 
the global optimal solution. 
GAs have maximum utility for optimisation problem in construction scheduling 
where other methods have failed. Firstly, they do not experience combinatorial explosion 
and secondly they do not rely much on assumptions or on heuristic rules. This makes it a 
robust tool. 
Every project needs a certain level of optimisation in terms of time and cost but in 
construction project it has paramount importance because of huge investment, duration 
uncertainty, influence of weather. All these factors ultimately affect total cost of the 
project. So many models have been suggested in past to deal with time cost trade off 
Recent Leu, Chen and Yang (2001) have used fuzzy set theory to model the 
uncertainty of activity duration and used genetic algorithm to search optima. 
5.6.9 RESOURCE ALLOCATION 
CPM and PERT are powerful tool but they do not incorporate constraints of cost, 
resource and time but these constraints are harsh reality of the project, The resource 
allocation is sometimes referred as constrained resource scheduling; attempts to 
reschedule the project tasks, so that project can be completed in minimum possible time 
by efficiently utilizing limited number of resources. 
So many attempts have been done in past going back to 1960s (e.g. Wiest 1964) to 
optimise the resource allocation problem with the help of optimisation technique and 
heuristic method. The optimisation technique used are Integer Programming, Branch and 
Bound and Dynamic Programming. Recently, Hegazy (1999) has solved the problem by 
genetic algorithm. 
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Resource allocation problem is common to all manufacturing industries. The 
models developed for such industries are not directly applicable to construction projects. 
So many mathematical models have been developed for the same but these models are 
inflexible in nature and difficult to apply in field conditions. 
Recently Abeysasinghe (2001) has proposed a more flexible resource allocation 
model "LINERS" algorithm. It is claimed that "LINERS" algorithm is better than widely 
used "MINSLK" algorithm. 
5.6.10 RESOURCE LEVELING 
What are needed to successfully manage a construction project are manpower, 
machines, materials, money, information and management decisions (Halpin and 
Woodhead, 1980). These factors must be synchronized in most efficient manner in order 
to complete a project on scheduling and within budget. 
Resource levelling is concerned with minimising peak resource requirements and 
period-to-period fluctuation in resource assignment while maintaining the desired project 
duration. 
Ordinarily resource planning is tied to scheduling methods. Resource levelling 
means to reduce the magnitude demand of a particular resource needed for very short 
duration on in other words to avoid peaks in resource utilization and time curves. 
Therefore, resource levelling sometimes referred as resource smoothing which tries to 
reduce sharp variations between the peak and valleys in the resource demand histogram 
while maintaining project duration (Moselhi and Lorterapong, 1993). 
The minimum moment approach (Harris, 1978) is one of the several methods 
commonly used for resource levelling. Recently Mattila and Abraham (1998) have 
applied integer linear programming for resource levelling for linear schedules of highway 
construction. 
Hegazy (1999) uses genetic algorithm for resource levelling along with resource 
allocation. He has used heuristics of double moment approach Hiyassal (2000) suggested 
modification to the minimum moment approach for activities with single resource. 
Hiyassat (2001) has applied modified minimum moment method to multiple resource 
levelling. The approach is equally applicable to combined resource levelling and levelling 
resource in series. 
5.6.11 PROJECT PROGRESS STATUS 
The CPM network can be used as the basis forjudging project status as on today. 
On the job site, the network can be placed on an office wall and progress can be marked 
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right on that and milestones achieved should be highlighted. The ever-popular red pencil 
is the best tool. The field workers usually cooperate because plotting of progress invokes 
a sense of achievement in their mind. This is necessary not only to know the current 
status of the project but such practice keeps the network upto date and familiarizes the 
field office with the importance of each activity and constraints of the organisation. 
5.6.12 DELAYS IN CONSTRUCTION PROJECT 
Delays in construction always increases indirect cost and brings bad name to the 
company and lastly invokes the penalty clauses. There is a long list identified reasons for 
the construction delays. Recently Odeh and Battaineh (2002) have identified following 
reasons based on extensive surveys. 
1. Owner's interference. 
2. Inadequate experience of contractor. 
3. Unavailability of finances. 
4. Delayed payments. 
5. Poor labour productivity. 
6. Slow decision-making. 
7. Poor planning. 
8. Poor performance of sub-contractors. 
9. Construction methods. 
10. Delay on the part of consultants. 
11. Poor performance of suppliers. 
Therefore, delay in construction project is a very common phenomenon, but it 
recurrence is a matter of concern. Recently Lim and Mohamed (2000) have analysed and 
explored the reasons for project delays with a different perspective. They are of the view 
that management problem is the first reason for the delay. This can be overcome by using 
managerial skills. The root cause of managerial problem is poor perception of conceptual 
• phase. 
Poor information system is also one of the reasons for construction delays as CPM 
is basically technologically dependence-based network. It does not give much 
information about other aspect of the project. When CPM is coupled with a set of project 
information for construction project approach is called: Object-Oriented Resource-Based 
Planning Method (ORPM). Recently Shi and Deng (2000) have developed ORPM model. 
It emphasises need for information gathering at planning stage. They have used concept 
of active and inactive constraints. So better planning can be done by giving due 
weightage to active constraints. This approach can be very well in used delay analysis of 
the project. 
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A good communication system for technical as well as managerial information is 
a key element for the success of project. Sometimes hassles in communication leads to 
time over runs and loss of key professionals. Recently Chapman (1998) has studied the 
effect of change of staff on design productivity. 
5.7 CPM AND THE COST 
The CPM in terms of time is used to complete the project on time, ll is one of the 
objectives of three main objectives viz. 
(1) Work should be good in quality. 
(2) Work should be completed in time. 
(3) Work should be done in minimum possible cost. 
The first two aspects have been covered and the third aspect is being discussed 
here. Knowledge about first two aspects was necessary to learn how to walk and expertise 
in third is necessary to know, how to run. 
The use of CPM in project cost control is done by assigning a cost to each CPM 
activity and these can be done very easily from the standard estimating sheet without re-
estimating of quantities or recalculating the cost. Once the owner has approved the broad 
categories of cost breakdown, the next phase in CPM cost estimate is a further breakdown 
of cost. 
In execution of construction project sometimes it becomes necessary to accelerate 
the execution in order to finish the project earlier than was initially planned due to 
following reasons. 
1. To reduce overheads and indirect cost to maximise profit margins by 
optimising resource allocation and utilization. 
2. To start new project before the contractual obligatory time of the project in 
hand. 
3. To entertain the request of owner for delivering the created facility earlier than 
initially agreed upon. 
4. To avoid inclemency of weather or similar impacts that can cause significant 
delay of the project. 
One of the commonly adopted approaches to deal with such situation is 'Least 
Cost Scheduling'. Stevens (1990) defines a least cost schedule as one with an optimal 
duration. Any increase or decrease in the duration will increase total project cost. 
Basically, there are two ways: schedule compression and schedule reduction for 
reducing the duration of the project. The Construction Industry Institute (Cll) has done 
detailed research studies on it. A research team has suggested more than ninety different 
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techniques for schedule compression. Few of the techniques focus on shorter schedule 
time while others save needless loss of time. 
In 1995 CII clearly distinguished between schedule compression and schedule 
reduction. In schedule compression project duration is reduced with overall increase in 
project cost. In schedule reduction project duration is reduced without increase in project 
cost. 
The least cost schedule is well-accepted tool for schedule compression. This is 
accomplished by shortening the duration of activities happening in the critical path and 
monitoring the change in the total project cost. 
Recently Isidore and Back (2001) have suggested probabilistic approach to cost 
scheduling. Probabilistic Optimal Cost Scheduling (POCS) is always advantageous. The 
POCS uses discrete event simulation along with range estimating and probabilistic 
scheduling by using historical data available for each respective activity. 
5.7.1 PROGRESS PAYMENTS 
A primary use for CPM cost data is, as a basis for progress payments. CPM places 
progress evaluation on a well-defined completed activity basis rather than the traditional 
percentage estimates. Since agreement on project status can be immediately judged with 
CPM progress upon which work should be approved for payment without delay. 
To the contractor, faster payment of invoices represents definite cash saving in 
terms of interest and indirect cost. The tangible benefits of CPM based invoices for owner 
or architect is, shorter time is required to approve invoices for payment. This frees his (or 
the architects) staff for the work. More important to the owner, however, is the assurance 
that the invoices paid represent a correct and equitable portion of the contract. This is 
always important. However, over payment sometimes happen, especially when a novice 
handles a project. The construction manager has a notion that at a later stage when final 
bills will be prepared, the amount will be adjusted. This philosophy can hold good, 
provided contractor does not become bankrupt or dishonest. In such situation none will be 
held responsible other than the person who had passed the bills for the payment. 
Here is a court ruling being cited. In a case, a contractor went bankrupt and the 
bonding company held that progress payment to date had exceeded the value of work 
performed. Since the bonding company had the responsibility of completing the project, 
they sued for the amount of over payment. The architect was held liable for more than 
$100,000 in over payment because he had approved the invoices of the owner so one 
should be very cautious while passing the bills for payment. 
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5.7.2 THE COST CONTROL 
For the cost control of the project, costs can be set up on the basis of the CPM. 
Since CPM is work oriented, better man power records as well as better cost records 
result. The basis of CPM cost control is the network with cost assigned activities. 
The very first use of cost control system is to draw attention towards any 
operation, which is being performed by the company, and it is proving to be uneconomic 
to the company. If there is any negative deviation from estimated cost then matter should 
be reported to management so that action could be taken to put the things on track. 
The cost control system should be so designed that cost control can be exercised 
for the operation in hand at the site and should give monthly report to higher 
management. Today it is very simple by the use of computer. 
However, scholar is of the view that every thing right or wrong on the site should 
be recorded with comments and lesson learnt, ofcourse this information is of no use for 
control purpose but it has historical Importance. 
The function of cost control system is to supply feedback to the estimator who had 
done pricing for the tender quotations and is expected to do pricing of works of similar 
nature in future. This cost feed back should always be supplemented with summary of job 
conditions. 
The third use of cost control system is to provide data for the calculation of 
variations, which usually occurs during the course of contract, not only the magnitude of 
variation but also the reasons for the variations, should be searched and recorded. 
It is simple and easy to install cost control system but its successful operation 
depends upon people who will be compiling data. If the persons are not trained for cost 
records, they should be given due training in cost. The system installed for cost should be 
compatible with standard for other purpose e.g. plant hire returns, pay sheet etc. 
In any construction it is imperative upon the construction manager to decide 
optimum blend of human and machinery resource for maximum efficiency to achieve 
optimum level of cost for the work in hand. This can be noticed by analysing wage sheet 
and plant return. 
The materials management on site and control of cost of material used on a site is 
an important activity. In determining and controlling the cost of material consumed and 
materials lying on site is difficult to assess. 
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For the purchase manager of construction materials it is necessary that he should 
develop a feel in the mind by observing heap of unloaded material of calculated volume 
from the dumper or truck. By repeated observations with the passage of time, accuracy 
will be developed in his judgment and he will become perfect in predicting the volume of 
construction material lying on the site. This quantity must match at least approximately 
with the difference between material delivered and material consumed in the work. 
The basis of CPM cost control is the network with activity cost assigned. The 
actual cost of work to date is compared with the cost estimates. This requires the 
collection of actual costs on an activity basis. Cost records must bi; compiled though it is 
expensive since useful results are based upon good data. Now by analysis of the historical 
cost data, the more realistic final cost can be forecast. 
5.7.3 THE COST FORECASTING 
Time and cost dimensions can be combined to forecast the rate of spending on a 
project. If the project is on schedule the contractor will learn the cost of an activity 
completed against project time, cost against early completion will give the maximum 
amount of money required on any project day, cost against late finish will give the 
minimum amount of money required on any project day. 
The use of the accurate CPM cost forecast curves to predict how much money is 
needed each month can guide the investment of the owner's fund. Fig. 5.1 shows fund 
disbursement pattern with time. 
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Fig 5 1 Fund disbursement pattern with time on typical projects 
The additional peace of mind for the owner's investment consultant can be 
counted only for its intangible value. 
For contractor it is necessary to determine minimum and maximum funds needed 
on a particular day or in a period of time. With the help of this he can expect rate of return 
on the project. Now working back from this point he should borrow just that amount of 
money which is needed to finance the project until sufficient cash is derived from the 
invoices which makes the project financially independent. Contractor's saving depends 
upon his mode of financing. If he is borrowing the capital on the interest, such strategy 
will save interest. If he is operating against a credit commitment this approach will fix 
number of projects he can handle within that sum. 
For owner also cash forecast is important. If the owner is spending on the project 
from securities he can cash at the latest practical time. Thus, he can earn interest for the 
maximum length of time and can maintain the principal at its maximum possible practical 
value. If the owner collects the total construction fund through bond issues, he can 
schedule a major portion for earning higher interest on long term investment, retaining 
remaining for short term for low interest investments for spending on the project. 
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In the project's lifetime, stages come when owner wants projects to be completed 
on an expedited basis or contractor himself wants to expedite the activity to adhere to 
schedule. The very first idea comes to put entire project on a crash overtime basis. A little 
thinking shows that it is not a wise step. 
Firstly it occurs at advance stage of project when manpower is at peak. Secondly 
most of the activities done on this crash basis are fioat jobs, the completion of which 
cannot shorten the project's obligatory time even for one day. 
Crash can be defined as the shortest possible time within which an activity can be 
completed by mobilising any of larger manpower, over time or additional shifts or all of 
the three simultaneously. 
Crashing of the project is unaffected by activities like hardening of concrete. 
Using high early strength cement can also crash such process. 
Thus crashing will be always costlier than normal cost of the project and crash 
time will be always less than the normal time. 
5.7.4 COST EXPEDITING 
While the cost of expediting is an activity which is a linear function between its 
crash and normal cost but this assumption does not apply to overall project. 
The cost curve generated concern direct project cost but what about indirect cost. 
Contractor has fixed overheads such as salary of foremen, engineer, warehousing, offices, 
machines, equipment and shops etc. 
To complete the project on time, it is not beneficial for contractor only but for 
owner also e.g. in case of hotel, hospital, manufacturing facility, restaurant etc. the owner 
can realise a definite cash pay off for everyday gained in the completion of the project. 
If we combine straight-line indirect cost curve with direct cost curve we get a total 
cost curve. It is worth to note at some time between crash and normal, the total cost curve 
dips to a minimum point as shown in Fig.5.2. 
In any project it makes a sense to spend a sum of A Rs to expedite the project. This will 
certainly save money (ARs) and time (AT). 
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In any construction operation, maintenance of optimal level of inventory is an 
important area as in bulk purchase of items per unit cost is less but a sum of capital is 
freezed. Thus, ware housing and cost of maintaining inventory is increased. If we 
represent this situation graphically we get following type of curve as shown in Fig. 5.3 
The basis of curve is direct cost per unit on bulk purchase decreases and cost of 
maintaining inventory increases per items with increased items. On addition of these two 
we get third curve which gives total cost per item. The minimum of this curve gives the 
optimal level of inventory 
In any construction work details of specification and quantity of work should be 
thoroughly studied. On the basis of these two factors, cost break down of CPM network 
should be prepared. This cost break up should be within the framework of the contract 
and should also be realistic because it is to be used for progress payments also. 
Cash requirements of the project can be predicted on a time basis with the use of 
CPM cost estimates by computer. The predictions can be used as a guide for the 
investment of construction fund, as well as a guide to contractor's finances. 
If cost expediting is done vigilantly then there are cases when a project can be 
completed at earlier date with lower cost. Certainly it needs an accurate cost estimates by 
using computerised CPM based cost system. 
For ripening of fruits of cost expediting, cost collection and accounting system 
should be compatible and should be directly related to construction activities. 
For most of the practical purposes of planning and scheduling of the project CPM 
technique is sufficient. There are certain situations where CPM alone is inadequate and 
resources are to be analysed e.g. management of heavy construction equipment. 
Take the case of earth fill dam or highway such jobs require heavy equipment. 
Careful scheduling of equipment across one or several projects gives an immediate pay 
off. Contractors owning equipment have been found usually in a constant "rental 
quandary i.e. in what situation they should rent out their equipment and in what situation 
they should hire extra equipments. 
In most of the cases number of heavy construction equipment is a limiting factor 
e.g. in one of the high way project of 220 working days, the increase of five more 
equipment reduced the project duration by forty days. This reduction in duration by 
around 20 percent was achieved just by increasing less than 10 percent increase in 
construction equipment. Now returns from this type of'equipment use' analysis need not 
to be over emphasised. 
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Resources like money, men, material and machine can be very well allocated to 
various CPM activities. Thus CPM network not only represent sequence of activities but 
it can also be applied for other purposes like levelling of manpower resources. When 
resources are limited then duration of project may exceed beyond a certain limit. 
The manual handling of network technique is limited to small network, big 
projects or large network can not be handled without computer but to have a feel of 
network analysis ; user has to do few networks by hand computation. 
These techniques have been used for highway construction, naval shipyard, 
housing projects etc. Now it is needless to say that network analysis is a practical, proven 
and tested management tool. 
In fixing the priorities, one should expedite early activities or those activities 
where the number of people is fewer. 
The planner and construction engineer keeps his workforce levelled by juggling 
his float activities. In doing this, he must work out the critical and low float activities (i.e. 
semi-critical activities) first. Those activities with more floats are worked as fill in jobs. 
As the project progresses, these float value will change, which makes regular updating 
important in the scheduling of activities. 
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CHAPTER-6 
COST OPTIMIZATION IN MANAGEMENT OF FIXED ASSETS 
(LAND, BUILDING, EQUIPMENT AND MACHINERY) 
6.L INTRODUCTION 
Like any other production process construction also needs labour, land and 
technology. Since land is the first and foremost requirement of any construction, 
therefore, selection of site is a very vital decision in overall construction activity and 
sometimes in the success of the project. 
6.2 LAND PURCHASE 
Whatever type of construction we plan it is done on the land. A land can be 
examined in following aspects: 
(1) Civil Engineering aspect 
(2) Architectural aspect 
(3) Financial aspect 
(4) Legal aspect 
(5) Environmental aspects 
(6) Sociological aspect 
(7) Political aspect 
Before discussing these aspects in detail, the very first notion to be kept in mind is 
the purpose of the construction e.g. 
(1) Residential 
(2) Residential for sale 
(3) Institutional e.g. school, hospital 
(4) Industrial 
(5) Recreational 
(6) Farming 
All these type of constructions call for some general and some specific 
requirements e.g. if land is being purchased for farming, very first requirement is fertility 
of soil and availability of water. 
6.2.1 CIVIL ENGINEERING ASPECT 
These aspects are written in so many books but it is being discussed here for 
completeness of the text. 
(1) Location of land (preferably in the jurisdiction of development authority). 
(2) Present approach to the land or future possibility of road construction. 
(3) Condition of approach during rains. 
(4) Land should be on elevated level. 
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(5) Provision for drainage, if at present there is no drainage then future courses of 
drainage. 
(6) Bearing capacity of soil i.e. it will not involve heavy expenditure on foundation. 
(7) Presence of such chemicals, which can affect durability of, structure e.g. 
saltpetre, or locally known as Rehi or Rehula soil i.e. containing sodium 
carbonate. 
(8) Availability of telephone line and electricity. 
(9) Presence of stagnant water, which will act as breeding, ground for mosquitoes 
and may cause dampness in building. 
(10) Land should not be located in Khadar i.e. flood prone areas. 
(11) Likelihood of extension of master plan. 
6.2.2 ARCHITECTURAL ASPECT 
However, in practice it has been observed that land is purchased first and then 
planning is done. Scholar's experience in planning is that, a little shortage of land spoils 
the entire planning, the reason is, lack of awareness of byelaws of development 
authorities. First planning should be done and then land should be purchased accordingly. 
Following architectural aspects should be applied during purchase of land. 
(1) The land under consideration will yield good planning i.e. length and width ratio 
should be within certain range. 
(2) After leaving set backs the land left for planning should be squarish to have a cost 
effective plan and pleasing properties of rooms. 
(3) Orientation of the land in general and orientation of the building in particular 
should conform to recommended orientation in the area. 
(4) The purpose of land should conform to zoning regulation of that area. 
(5) After applying Floor Area Ratio (FAR) the building should serve its purpose i.e. 
number of storeys should be sufficient enough. 
(6) Adequate space for parking (which is posing a big problem today in India) should 
be available. 
6.2.3 FINANCIAL ASPECT 
Financial aspect can be considered in following ways: 
(1) Price of land should not be very high. To ascertain this aspect data collected for 
similar sale deed in that area can be used as a guide for negotiating the rale. 
(2) If land is available at higher rate and there is likelihood that it will appreciate with 
passage of time then there is no harm in paying higher price. 
(3) If land is being purchased for plotting and resale, then paying capacity ol" buyer 
should be examined. In this regard there is no substitute for experience. 
(4) If land is being purchased for just investment purpose then other alternatives of 
investment are to be examined. 
Any investment can be judged on following points: 
(a) Rate of return 
(b) Liquidity 
(c) Risk and other non quantifiable parameters 
(d) Management of investment. 
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Following are the investment avenues available to a common man. 
6.2.3.1 FIXED DEPOSIT 
This investment gives a known rate of return around 6.5% today in India. In terms 
of liquidity it is very good, risk factor is nil, gives feeling of security and easy to manage. 
6.2.3.2 SHARES 
For investment in shares one has to be a little knowledgeable about share market 
and certainly there is more risk, more rate of return, liquidity level is moderate, a profit 
from liquidity is not assured always, any share can be liquidated in stock exchange, 
behavioural feeling is, one is share holder of a particular company and a proper 
management of shares needs a little training in portfolio management. 
6.2.3.3 GOLD 
Purchase of gold is very easy; rate of return can be examined from previous 
records. Liquidity is good but immediate sale of gold will not fetch any profit, as selling 
price of gold is always less than the immediate purchase price of gold. Risk factor is nil, 
easy to transfer, but safety is a problem. One has to put it into locker or has to worry 
about its cloaking. 
6.2.3.4 LAND OR HOUSE OR REAL ESTATE 
Any land will appreciate with passage of time but rate of return varies from place 
to place. In bigger cities or in a developing area appreciation is more as compared to 
small cities and rural area. Liquidity takes time, risk is almost nil, a behavioural feeling is 
that one is owner of a land, management of land needs careful watch on encroachment or 
making any easement on the land. This may happen that in a particular area after a certain 
time, land will not be available in that area. This reason goes strongly in favour of 
investment in land. 
A second type of investment is in the real estate, i.e. construction of any structure 
e.g. house or a market and then renting out the building. Financial an&lysis of such 
investment needs a detailed analytical treatment. Following example will clarify the 
approach and is based on data collected from Aligarh. 
Example: A man wants to construct a house on a plot of 225 square metre. The house will 
accommodate 5 families. Total cost of construction of house including land will be 
approximately Rs. 16,00,000 (1.6 million rupees) Interest rate in fixed deposit is 6.5%. It 
will give annual rent of Rs. 150,000. 
Returns: Rs. 
= 150,000 
= 1,60,000 
= 3,10,000 
= 32,000 
= 2000 
= 1,000 
= 35,000 
= 2,75,000 
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Annual return through rent 
Average appreciation per annum @ 10% 
Total returns 
Expenditure 
Annual Maintenance @ 2% of capital cost 
House tax 
Repairing of water supply, sewer and maintenance 
of electrical services 
Total expenditure 
Net return=Returns - Expenditure = 3,10,000 - 35,000 
Rate of return = 2,75,000/16,00000 = 17.18% 
Which is more than return of 6.5% on FDR. Thus, this investment is wise where 
housing problem exists. 
6.2.4 LEGAL ASPECT 
Legal aspect is very important consideration in land purchase. Land is one of the three 
articles of conflicts, in Indian Jargon Zan, Zar, and Zameen i.e. sex, mortey and land. A 
land under consideration may fall in any of the following categories 
6.2.4.1 FREE HOLD LAND 
Locally it is also called 'Bhumdhari' land. This is best type of land. In such type of 
land owner has the full control in respect of title, right and interest. 
6.2.4.2 NAZOOL LAND 
Nazool land is the land of Municipal Corporation or Local Development Authority or 
in any way government is having control over the land or property. Government can sell 
the Nazool land or can allot the land to a suitable person for a particular period, for a 
particular purpose, such type of allotment is called Patta or lease. The lease has to be 
renewed after 30 years. After 90 years government may refuse renewal of lease and 
government has every legal right to take back the land and demolish or remove the 
property contained on the land and can also realise from the lessee, expenditure incurred 
on demolition. In such case owner will be having papers related with lease, and normally 
lessee has no right to sell or transfer the land. 
6.2.4.3 WAQF LAND OR TRUST LAND 
There is a Waqf act, ordinarily Waqfs are not empowered to sell a land, however 
Waqf or trust can rent out their property. Any interest in such property calls for detailed 
legal investigation. 
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6.2.4.4 LAND OF GliAM SABHA 
Land management committee can allot Land of Gram Sabha for a particular 
purpose to any person to whom allotment is legally allowed. For such allotment there is 
laid down legal procedure in which Sub-Divisional Magistrate and District Magistrate 
have full control over such land. 
6.2.4.5 PIT FALLS IN LAND PURCHASE 
There are certain pitfalls in purchase of land, which are discussed a^  under. 
(1) A land in full or part of land is encroached land of adjoining plot or land is 
property of grave yard or 'Marghat' (Cremation Ground) or an)' Waqf land or 
park or mosque or road or government property. The check against such pitfall is 
collecting information from adjoining plot holder or Lekhpal, different property 
dealers or person having any experience of land management. If still buyer is 
having doubts a competent lawyer should be engaged. 
(2) Land is coming in ceiling limits and clearance from ceiling officje has not been 
obtained. This can be confirmed from ceiling office in Kutcher>| or Court. The 
ceiling limit for urban land is 2000 sq metre and for rural land is ^0 Acre(l Acre 
= 3920 sq m). 
(3) Confirmation about impediment or encumbrance is also necessfJry whether the 
land has been pledged as a collateral security in any government loan or land has 
been mortgaged to someone. The safeguard against this pitfall lies in obtaining an 
encumbrance certificate from office of sub-registrar located in the court. The 
certificate gives details about any land of last 12 years. Howevbr, government 
agencies now demand an encumbrance certificate of 35 years duration for 
sanctioning any loan. 
(4) Land is coming under Master Plan and local development authorjity has marked 
the land for road or land falls in a zoning regulation, which permits the use, which 
is different to purchaser's interest. 
(5) The land under interest is coming in green belt i.e. any activity wl^ ich is not echo 
friendly will not be allowed in that zone, 
(6) Information regarding land use is very important e.g. one side of Kshok Marg in 
Lucknow has been marked commercial and other side of the road has been 
marked residential. Land under consideration is for developing a colony and 
prescribed use of land is agriculture then developer has to submit a proposal to 
Sate Town Planner through Local Development Authority for change of land use, 
which is an uphill task. 
(7) If the land is a joint property then it is to be seen that all partners are ready to sell 
or division has taken place and mutation {Dakhil Kharij) has beeln registered in 
Annual Register. 
(8) If property is an old house then receipt of house tax will give details of 
ownership. 
(9) If the land is under dispute or any litigation is there. This information is not 
available in any of government office except court. To know in which court, case 
is subjudice is difficult. The best way is to elicit information from local persons 
or persons related to seller in either way. 
(10) If a land belongs to a Harijon. As per law Harijan cannot sell his property on its 
own without taking permission from district magistrate. 
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6.2.5 ENVIRONMENTAL ASPECT 
Environmental aspect is an important aspect. Environmental aspect can be 
classified in two categories. 
One is environment affecting an individual and for the construction 'No Objection 
Certificate' is not needed from pollution controlling body such environment is of a site on 
side of a sewer, near liquor ware house, slaughter house or liquor shop or any shop 
which uses microphone or tape recorder continuously, should be avoided. 
Second type of site is basically site for industrial units. If proposed unit needs 
'No-Objection' from Pollution Control Board then first step is to explore the possibility 
of getting no objection certificate. Only then any heed is to be paid to proposed site. 
There are cases in which project was finally abandoned because of pollution control 
hassles. 
6.2.6 POLITICAL ASPECT 
Political aspect perhaps over rides on all the aspects, at least, in political scenario 
of India. At least two major cases can be quoted for poor site selection. The first case is of 
Mathura Refinery at Mathura. This is result of individual whim and stubborn attitude of 
then Prime Minister Mrs. Indira Gandhi. The second case is of Rail Coach Factory at 
Kapurthala in Punjab selected by then Prime Minister Rajiv Gandhi to please the people 
of Punjab. Thus political will plays, a major role in site selection. 
When land fulfils all the above mentioned requirements then go to the registration 
office, pay the price and stamp fee and get it registered in your name and apply for 
mutation {Dakhil Kharij). So the land is registered in your name in government records. 
In any land deal people from public administration starting from Lekhpdl to Divisional 
Commissioner should never be ignored depending upon size of the deal. 
Recently Mcintyre and Parfitt (1998) have developed a decision support system 
(DSS) to facilitate the decision making process of land purchase and development. 
6.3 COST OPTIMISATION IN BUILDING 
The primary functions of a building are to perform provision of shelter. Building for 
an individual involves lifetime saving and for any company construction of building for 
its own use is not a very productive investment. It will not give as much revenue as the 
company would have earned by investing in the business. Thus cost optimisation of 
building is important for individual level and at company level both. If economics of 
scale is involved as in case of development of colony where one type of building unit is to 
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be repeated then building economics plays a very vital role. Cost optimisation in building 
can be studied in following heads. 
(1) Economics of Planning 
(2) Economics of Construction 
(3) Economics of Services 
(4) Economics of Use of Building 
6,3.1 ECONOMICS OF PLANNING 
In developing the design of any building any Architect / Engineer can not ignore 
the brief given by client e.g. requirement of site, available form of construction, statutory 
planning requirement, over and above the constraints of cost limits. Thus the designer 
should be conscious of the cost implication of every choice of design and specification 
that he decides. The cost of the building is determined by every decision made and just as 
initial design decision will affect a continuing series of inter-related development 
throughout the design process. 
On the basis of brief given by client architect can start design or planning of 
building. At initial stages he will decide upon the disposition of accommodation, the 
shape of the building and the general form of construction and specification. This is a 
complex activity, interplay of one factor with another and the interaction of design and 
specification make it impracticable to consider things in isolation, the various factors 
affecting cost of building. This problem can be studied at least under two heads. 
(1) Design or quantity decisions, which govern general and detailed planning and the 
ultimate appearance of the building. 
(2) Specification decisions, which concern the quality of the material used in the 
building and the standard of workmanship required. 
Under both headings it is necessary to distinguish between 'key' decisions. Those 
which have irreversible effect on a building or project say its basic plan shape or height 
and incidental decisions which can be changed up to the time of construction without 
causing any fundamental effect on the building design e.g. specification of tiling in the 
bathrooms. 
Thus earlier decisions are key decision and its effect will linger long and long on 
the building. One of the earliest decision, archilecl or engineer will have lo resolve will be 
the shape of the building, since this decision may well inlluence the llnal cost of the 
building. 
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The plan shape of a building will affect not only external cladding elements i.e. 
external walls, windows and external doors, but also the internal vertical elements such as 
partitions and the services both cooling and plumbing. 
The complete effect of plan shape is not always easy to establish but a simple 
method can be derived of relating the amount of external cladding element to the 
superficial floor area of the building so as to reveal the effect of different plan shapes. 
The relation can be expressed as a ratio of the area of the external cladding elements to 
the floor area of the building and is commonly referred to as the external cladding to floor 
ratio. 
The data related with plan A, B, C of Fig. 6.1, are shown in the Table 6.1. Plan A 
is a compact plan with a perimeter of 60 m. Plan B, a less compact plan with a perimeter 
of 74 m and Plan C, a plan with a perimeter of 84 m. 
•fi^ 
Area 
225 m 
Plan A 
•f>^ 225 m *>, \
^<^ 
b<!^ 
7, Area 
'n 225 m % 
^0«^ 
"^ 1«^ 
Plan B 
Plane 
Fig 6.1 Various plan shapes providing same floor area 
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Example 
Plan A 
PlanB 
PlanC 
Area of 
External wall 
180 
222 
252 
Floor Area 
225 
225 
225 
Ratio of 
external wall to 
floor area 
0.8 
0.99 
1.12 
Base Plan A 
100 
100 
124 
140 
Table-6.1 : COMPARISON OF EXTERNAL WALL AREA OF VARIOUS PLANS 
SHAPES PROVIDING SAME FLOOR AREA 
The last column of Table 6.1 shows Plan A is cheapest being squaiie. Plan B is 24 
percent and Plan C is 40 percent more expensive than Plan A, 
It is necessary to consider size in relation to plan shape. Small buildings will 
require a higher proportion of external cladding elements to floor atea than large 
buildings. However, it is not always possible to reduce the proportions, ev0n though they 
may appear on initial examination to be high. 
Suppose one is asked to provide approximately 2304 sq m of covered area. 
Planner has two choices. One is to provide this space in 9 blocks of 16x16 m and another 
approach to provide the entire space in one enclosure of 48x48m. T|ie results are 
tabulated in Table 6.2. 
No.of 
blocks 
9 
1 
Plan 
Pi 
P2 
Size in m 
16x16 
48x48 
Total Area 
of external 
wall m^  
1728 
8576 
Floor area 
m 
2304 
2304 
Ratio of 
external 
wall to floor 
area 
0.75 
0.25 
Base 
f^ lan A 
100 
100 
{33 
Table 6.2 : COMPARISON OF SMALL AND BIG BUILDING ^LOCK 
PROVIDING SAME FLOOR AREA 
Table 6.2, which clearly shows that expenditure on external wall'in plan P2, is 
67% less than as compared to plan Pi. 
From this second example one can conclude that where the choice'exist between 
enclosing an area in one large building or in two or more smaller building, i'lt will be more 
economical to provide the accommodation in the larger building. If we are considering 
only external cladding elements this observation is absolutely true, but othqr factors such 
as services and lighting requirements must be in line to qualify this conclusion. 
It is also worth noting that an external corner column will be carrying only a 
quarter of a panel load and will be eccentrically loaded. This is ordinarily costlier than 
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internal column. Therefore a rectangular plan shape with only four external corner 
columns will be more economical than an irregular plan shape with numerous corner 
columns. 
6.3.1.1. STOREY HEIGHT 
Storey height is largely determined by the needs of owner apd usage of the 
building. Sometimes headroom greater than normal, is necessary to provjide comfortable 
conditions to accommodate large machinery or equipment like X-Ray machine in a 
hospital, EOT cranes etc. Like the plan shape, the storey height too will affect the vertical 
elements of the building both internally and externally and will also havel some effect on 
the cost of services particularly cooling due to increased volume of the bui|ding. 
6.3.1.2 SINGLE & MULTI STOREY BUILDINGS 
Generally the cost of a building per square metre of floor area increases with the 
addition of extra storeys. 
The introduction of a frame, the necessity to hoist materials, thb need to meet 
regulations on fire escapes and the introduction of lifts etc. will add to copts although the 
extra cost may be partially offset by savings on service layouts, repetitive planning, 
efficient use of tower cranes etc. 
6.3.1.3. GROSS & NET FLOOR AREA 
The cost relation between single and multi storey building does not come out by 
the simple examination of cost analysis, which is usually expressed per square metre of 
gross floor area of the building. The client's primary interest is in the flopr area that can 
be put to use for his own purposes and the area occupied by toilet, plant room, corridors, 
staircases, entrance lobbies etc. of course, being necessary for the propei] functioning of 
the building are of little real value to the client. It is possible to consider a building in 
terms of gross floor area and also in terms of net usable area. The differenf;e between two 
should be as small as possible but planner is always restricted by various planning 
regulations based on gross floor area. 
Introduction of staircase always increase cost of building. On examining plan F 
and G in Figure 6.2. 
We find that introduction of staircase in plan F reduces net let able or usdble area of the 
building. The effect of staircase on usable area will not be much more in two storeys as 
staircase will be a constant feature of the plan. 
So if builder is considering such plan for shopping complex or office space for 
single storey he should prefer first plan as construction of stair case will involve 
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additional expenditure, reduction in let able space in turn no return from investment on 
stair case. 
As a general rule, the best plan ratio will come from single storey building but the 
local development authority controls the maximum number of persons to be housed per 
acre through Floor Area Ratio (FAR) limits and in these days of high land costs, the 
architect / engineer will try to cover maximum part of the land, which leads to 
construction of multi-storey buildings. 
A commercial building is allowed for a plot ratio of 4:1 or Floor Area Ratio 
(FAR) for Aligarh is 400, which means that if the site is 1000 square metre in area, then 
the maximum total floor area permitted is 4000 square metres, which qan be provided in 
any number of storeys. Figure 6.3 shows alternative ways in which area can be provided. 
15m 15m 
E 
CO 
El 
CO 
E 
CO 
E 
El 
CO 
PLAN 'F' Single Storey 
Gross floor area =270m 
Corndor Area =30m^ 
Net usable floor area =240m' 
Percentage of non-lettable area =12 5 
PLAN 'G' Two Storey 
Gross floor area per storey =270m 
Non Lettable area e^Om^ 
Net usable floor area t21 Om 
Percentage of non-lettable $rea =28 5 
Fig 6 2 Introduction of the stair case reduces net usable floor area 
The four storey design is cheaper structurally but depth of the building will 
probably call for permanent artificial lighting and ventilating system. On the other hand 
eight storey plan may not need these two, will require a frame and lift provisions. 
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The twelve-storey option will certainly be more expensive because of extensive 
lift installation coupled with fire escape provisions. Although lighting and ventilating 
problem is reduced considerably. 
f,^<^ ' * < • . 
K 1 000 m per floor 
%^*~ 
*/. 
300 m' V 
per floor 
-ii -i^ 
f 
500 m 
per floor 
a 
i 
>?j 
- ' * > , 
Fig6.3 Alternative number of storeys 
providing equal total floor area 
500 m 
per floor 
s^ 
The twelve storey design may, however, be the best solution from aesthetic 
consideration and it also have advantages from the letting view point e.g. market research 
shows that prospective tenants for the particular building will require space in a range of 
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500 to 1000 square metre. If the choice of a particular number of storeys conveniently 
separates a building into floors of a convenient usable or lettable area, then gains from 
letting may out weigh the extra building cost. 
Cost of the building varies with the addition of number of storeys. Cost can again 
be considered against the elements of the building and if the costs of unit rate of the 
element are assumed to be constant i.e. there is no change in specification, the change in 
cost can easily be noticed by the examination of element quantity factors. The variation 
will occur in different proportions depending upon following conditions (1) whether the 
total floor area of the building remains constant as in Plan-I in Fig. 6.4; or plan area 
remains same with the additional floor adding to the floor area as in Plan-II shown in Fig. 
6.4 and this can be very well elaborated by examining each of the elements one by one as 
under. 
31 62m 
1,000m x1 St 
31 62m 31 62m 
I.OOOm^  xlSI 
31 62m 
22 37m 
500m' x2St Storey Height=3m 
1,000m' x2St 
18 25m 
333m' x3St 
1,000m' x3St 
1581m, 
250m'x4St 
1,000m' x4St 
PLAN-I 
Total Floor area in each building = 1000m PLAN-II 
A Square Plan of side = 31 62m 
Floor Area per store/ = 1 000m 
Fig 6.4 Comparison of varying and constant plan area 
while keeping the number of storeys same 
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6.3.1.4 THE COST OF FOUNDATION 
Fixation of foundation bases or width of load bearing strips will vary in proportion 
to the load being carried i.e. will increase as more upper floors are introduced. If the 
foundation cost is spread on per square metre of floor area then the cost of foundation will 
fall by following factor as shown in Table 6.3 below. 
No. of Storeys 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Quantity Factor 
1.00 
0.50 
0.33 
0.25 
0.2 
0.17 
0.14 
0.12 
0.11 
0.1 
Table 6.3 : FALL IN FOUNDATION COST PER FLOOR WITH INCREASE IN 
NUMBER OF STOREYS 
Detailed foundation cost reveals that foundation cost drops rapidly up to three or 
four storey and then stablises and again start rising as number of storeys increases or 
when it becomes essential to install piling or basement construction. 
6.3.1.5 FRAME 
A frame may not be necessary in a low-rise building but it becomes necessary beyond 
three storeys and the cost start rising rapidly over the first few storeys as the frame takes 
the load imposed by addition of upper floors. 
The total frame cost varies at rates determined by two separate factors i.e. 
horizontal and vertical loadings. 
Firstly, the number of beams will vary in the direct ratio of upper floor area to 
total floor area. 
Secondly, the addition of upper floor increases load on the column will require 
increased section of column or compressing bay sizes i.e. increasing number of columns 
as the number of floor carried increases as shown in Table 6.4. 
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No of Storeys 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Quantity Factors 
1 
0.5 
0.66 
0.75 
0.8 
0.83 
0.86 
OM 
0.89 
0.9 
Table 6.4: INCREASE IN COST OF COLUMN WITH INCREASE IN NUMBER 
OF STOREYS 
6.3.1.6 UPPER FLOORS 
The cost of upper floor varies directly to the rate of change in the ratio of upper 
floor area to total floor area as shown in table 6.4. 
6.3.L7 ROOF 
The cost of roof will vary in line with the rate of change in ratio of roof area to 
total floor area as in Table 6.4. 
6.3.1.8 STAIR CASES 
Obviously no staircases are necessary in a single storey building but should be 
provided for maintenance purposes. Therefore, at least one staircase will be needed in 
single or two-storey building. The statutory provisions for fire escapes in multi storey 
make at least two staircases mandatory. 
Cost of staircase is reasonably constant for two storeys and above. What is 
important is the location of staircase. Each staircase should have reasonably constant 
level of utilization. 
6.3.1.9 EXTERNAL WALL, WINDOWS AND EXTERNAL DOORS 
The cost of these members depends on the size and plan shape of the building, the 
number of storeys and storey height. The basic principle, which applies in a building with 
small floor area, will require a higher proportion of external cladding elements to floor 
area than a large building in plan area. This principle is clearly explained if we calculate 
quantity factor for plans shown in Fig 6.4 and result are tabulated below in Table 6.7. 
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No. Of Storeys 
1 
2 
3 
4 
10 
Quantity Factor 
I Plan varying no. of storeys 
Total Floor Area 
0.38 
0.54 
0.65 
0.76 
1.20 
11 Plan varying no. (f)f storeys 
With Constant Flc)or Area 
0.38 
0.38 
0.38 
0.38 
0.38 
Table 6.5 : VARIATION IN QUANTITY FACTOR WITH CHANGE IN PLAN 
6.3.1.10 PARTITIONS 
Area of partition members or partition wall depends on shape of the plan. No 
general rule can be adhered as extent of partition depends on type ancj use of building 
under consideration. 
If we investigate detailed cost analysis of residential building welfind that internal 
partition or in other words wall to floor ratio changes, so also does thei external wall to 
floor ratio i.e. if quantity of external walls increases a corresponding increase is observed 
in area of partition walls also. So in the residential plan, shape has little or no effect on 
area of partition walls. The chief reason behind it, is very high dejisity of internal 
partitions to provide more number of small rooms. 
On the other hand if we take case of factory building or cold storage that will have 
very little area of internal partition. In this case external wall floor ratio has maximum 
effect if the building plan deviates from square shape, cost of external wall will have a 
multiplier effect. 
6.3.1.11 INTERNAL DOORS 
The cost or number of internal door increases in direct proportion amount of 
internal partitions. 
6.3.1.12 WALL, FLOOR AND CEILING FINISHES AND DECORAjTION 
Wall finishes, paint and decorative finishes applied to the exljernal walls and 
internal partitions will increase in same proportion as amount of wall area. Since floor 
and ceiling are horizontal component in the building and directly related to the floor area 
and will therefore vary in proportion to floor area. 
6.3.2 ECONOMICS OF CONSTRUCTION 
During the design stage the Architect / Engineer will have to make decisions on 
the form of construction to be employed to meet the various elemental requirements, 
which has been already discussed in chapter-5. 
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6.3.3 ECONOMICS OF SERVICES 
Effects of planning on air conditioning, water supply, sanitary and electrical 
wiring needs a separate treatment. However, following services are being discussed. 
6.3.3.1 LIFT PROVISION 
It can be noted here that lift service cost will increase with a jump at four storeys 
when it becomes necessary to install a lift. The effect of cost will be less pronounced as 
additional storeys are added, provided the area per floor is efficiently served. For example 
if a lift will serve say 400 square metres of floor area per floor then changes in the 
number of storeys that reduces the area below 400 square metres will make installation 
more expensive when calculated to cost per square metre of floor area. 
6.3.3.2 ROOF CONSTRUCTION 
A roof can be made flat or pitched and can be covered with felt or asphalt sheets. 
Nowadays even in hilly area flat roof is being constructed in India. Brick tiling and Mud 
Phaska are the bogus and costlier technique of roof treatment but it is still being used on 
the pretext that presence of mud on terrace reduces the temperature beneath the terrace. 
Scholar has found it is a myth. Moreover, mud cracks and porous tiles are good channels 
for entrapping water. 
After twenty years of practice of civil engineering scholar finds that brick ballast 
in Jamuna sand {Badarpur) with neat cement finish is the most durable, economical and 
aesthetically pleasing roof treatment for the terrace. 
The roof treatment should be done in the presence of a competent person as 
repairing at later stage is costly and this activity is a project in itself Apart from 
inconvenience caused to user, which is difficult to quantify. Sometime use of proprietary 
surfacing material becomes necessary in repairing work. Such surfacing material is costly 
and needs specialist's attendance as well. 
6.3.3.3 COOLING /AIR CONDITIONING 
A building is provided with services, water supply, sanitary, electricity, 
communication system and air conditioning. First four services do not have any recurring 
expenditure. It all involves one time investment. On the other hand, a poor planning of a 
building from thermal considerations will cause a recurring expenditure in form of 
electricity bills throughout useful life of the building. This is not desirable as there is 
acute shortage of electricity in India. Proper planning of building, which needs skills of 
architect and engineer, can control this. 
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The quantity of cooling required maintaining a comfortable temperature level 
inside a building will depend on a number of factors like. 
(1) The size and shape of the building. 
(2) The thermal transmittance i.e. U value, of the exterior wall. 
(3) The orientation and degree of exposure. 
(4) The amount of ventilation. 
(5) Ceiling height of room. 
A little change in these parameters will affect the capital cost of the heating or 
cooling plant i.e. capital cost of source air conditioning plant and distribution system, 
maintenance, repair and running costs, particularly the electricity bill. 
It will be wise to include a specialist or air conditioning engineer in the design 
team if economic building solution is required. 
Cost advice available to the design team should compare with the information 
available on past schemes in similar building, if reasonably accurate estimate is desired. 
Analysed costs are often expressed in terms of either total cost or the cost per 
kilowatt or the cost per square metre of floor area. 
Using simple fundamental relations can do a detail costing. 
Max rate of cooling loss = A x U X At 
Max hourly cooling demand = AxUxAtx3600 /1000 (k J) Eq. (6.1) 
A = Total surface area of structure (m )^ 
U = thermal transmittance of structure (W/m^ deg C°) 
At = Difference between internal and external design temperature (C) 
Max hourly cooling demand for ventilation = sxdxVxNxAt(kJ) — Eq (6.2) 
Sxd = Specific heat of air x Density of air (kJ/Kgx Kg/m''= kJ/m )^ 
V = Volume of the building (m"') 
N = Number of air changes per hour 
The sum of above-mentioned two equations 6.1 and 6.2 gives the max hourly 
demand at the installation and therefore determines the capacity of air conditioning plant. 
The U(i.e. thermal transmittance) value can be calculated or taken from tables 
such as those given in manuals published by Association of Heat and Refrigeration 
Engineers (ASHRE). In a building consisting of area made up of different construction 
material, the average U value can be determined by totalling the sum of the areas 
multiplied by U values of the different forms of construction and dividing by the total 
area. 
168 
U average = 
S (AxU) 
SA 
The orientation and degree of exposure of the site and facing of the building will 
significantly affect the thermal transmittance of the structure or component. However, 
three grades of exposure are as under. 
(1) Sheltered - which includes the first two storeys above ground level of building 
within towns. 
(2) Normal - which includes the third, fourth and fifth storeys of building within 
towns and most of the suburban and country premises. 
(3) Severe - which includes the six or more than six storeys of building within towns 
and building situated on exposed hill sites or close to the coast. 
A range of typical thermal transmittance value i.e. U values, for windows is given 
in Table 6.6 below. 
Orientation 
S. 
W, SW,SE, 
NW, 
N,NE,E 
Window 
single glazed 
Window 
double 
glazed 
Exposure 
Sheltered 
4.00 
2.65 
Normal 
Sheltered 
4.50 
2.85 
Severe 
Norma! 
Sheltered 
Sheltered 
5.00 
3.05 
Severe 
Normal 
Normal 
'5.70 
3.25 
Severe 
6.50 
3.45 
Severe 
7.40 
3.65 
Table 6.6 : TYPICAL THERMAL TRANSMITTANCE VALUE (W/m^ deg. C") 
The value of At will be 16 C° if it is assumed that the maximum cooling load 
placed on system will occur when the outside design temperature is 40 C" and inside 
design temperature is 24 C°. For circulation area a temperature of 27 C° will be sufficient. 
It is worth noting that to maintain a temperature 2 C° below the outside temperature no 
cooling is required, for this reason internal design or base temperature can be taken 2 C° 
below the desired room temperature. 
Sometimes, the owner of building or cold storage often seek advice from design 
team on the cost implications of the choice of various alternative forms of construction 
and specification of building structure e.g. use of single or double giszing or use of more 
expensive insulating material. Now it becomes imperative to consider not only the capital 
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and running costs of the proposed alternatives but also its effect on other elements of 
building in general and on air conditioning installations in particular. 
A change in the U value of a component will affect cockling losses from the 
building and in turn the annual energy consumption. Changes in the size of plant installed 
are unlikely unless the alternatives considered leads to a very largb change in U values 
and also that forms a very significant part of the building structure. 
6.4 THE CONSTRUCTION EQUIPMENT 
A problem, which frequently confronts a contractor, is the selection of most 
suitable equipment for a particular project. Since construction Equipment are capital 
equipment involving huge sum of money, unless it is established in advance that a unit of 
equipment will earn more than the cost, it should not be purchased. 
Because of specialized application and complex nature of equipment, 
development of specification for equipment usually requires a grest deal of interaction 
between technical personnel in the buying and selling firms. The! effective life of the 
equipment is determined by maintenance, repair and technical obsolescence factors. 
For accounting purposes most firms classify both categories pf equipment as non-
current assets, which are capitalised and depreciated over the couijse of their economic 
lives. 
6.4.1 DIFFERENCE IN THE PROCUREMENT OF CAPITAL EQUIPMENT 
The purchase of capital equipment typically occurs once evqry three to five years 
or so e.g. a company has purchased a 1 Ot crane, it is very likely that another purchase of 
this kind of equipment will not be made in the foreseeable future. 
A unique feature of most of the capital equipment purchases is the lead-time 
requirement. While some types of capital equipment are standard, pff the shelf products 
many are not. Much production machinery and prime moving equipn[ient are built (at least 
in part) to operate under specific conditions peculiar to each purchaser's operation. 
Consequently, manufacturing lead-time is usually a matter of monihs or perhaps years. 
The production of a large steam turbine generating unit, for ekample may require 
negotiating and expediting work substantially different from the (lormally required in 
routine purchasing. 
6.4.2 NATURE AND SIZE OF EXPENDITURE 
An expenditure of company funds for capital equipment is an investment. If 
purchased wisely and operated efficiently capital equipment generates profit for its 
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owner. Because it exerts a direct influence on the costs of construction, the selection of 
major capital equipment is a matter of significant concern to top management. 
Although capital equipment prices cover a wide range, the purchase of major 
equipment involves the expenditure of substantial sum of money. The purchase price for a 
piece of equipment however is frequently overshadowed in importance by other elements 
of cost. Since a machine is oflen used for ten years or more, total cost of operation and 
maintenance during lifetime may far exceed its initial cost. Hence, the total life cost of a 
machine relative to its productivity is the cost factor of primary importance; this is also 
called life cycle costing. Estimating, operating and maintenance costs which will be 
incurred in future years is not easy to assess, as frequently these cbsts vary from year to 
year. Consequently discussions involving the choice between several alternative machines 
often centre on the probable accuracy of specific cost estimates. The timing of many 
capital purchases often presents a paradoxical situation. Typically, the general supply 
capabilities of capital equipment producers do not adjust quickly to changes in levels of 
demand. Since the most firms capital equipment purchases are made rather infrequently 
and can often be postponed. Thus, producers of industrial capital goods, frequently find 
themselves in a "feast or famine" type of business when a potential purchaser's business 
is good it needs additional production equipment to satisfy customer's burgeoning 
demand. But because other purchases are in the same situation, the buyer may also find 
capital equipment prices rising in a market of short supply. Conyersely when buyer's 
business is down and additional production equipment is not needed, capital equipment is 
in potential supply often at reduced prices. 
6.4.3 CONSIDERATION IN SOURCE SELECTION 
When purchasing a construction equipment selection of a supplier is governed largely 
by four general considerations. 
(1) Operating characteristic of the equipment. 
(2) Engineering features of the equipment. 
(3) Total economic analysis. 
(4) Various qualitative considerations. 
6.4.3.1 OPERATING CHARACTERISTICS 
Design and operating features for a given type of equipment can differ markedly 
among the equipments available from different suppliers. For this reason, number of 
suppliers willing to produce a machine, capable of meeting every aspect of purchaser's 
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requirement is frequently limited. Of course, this is more likely to be the case for special 
equipment than for general-purpose equipment. 
6.4.3.2 ENGINEERING FEATURES 
Closely related to the equipments operating characteristics are its engineering 
features. These features must conform to occupational safety, health standards, pollution 
limits, and fuel consumption and lubrication requirement. If there is any special 
maintenance required that cannot be handled by existing maintenance programme, should 
be investigated. 
6.4.3.3 ECONOMIC ANALYSIS 
After short listing of acceptable equipment a thorough evaluation of their relative 
merits is undertaken. The task is complicated one. An analysis of major operating 
alternatives includes a comparative economic analysis of the potential new equipment and 
also a comparison of each with the alternative of using the existing equipment now in 
operation. In all cases the analysis of equipment relates its total expected life cost to its 
total expected productivity. The cost analysis is done most commonly utilizing the life 
cycle costing technique. These results in turn can be expressed using several different 
measures of profitability. 
Although it has serious limitations, the payback approach is still widely used in 
industry. As its name implies, the objective of payback analysis is to determine number of 
years, a machine requires to pay for itself from additional earning generated by its 
increased level of operating efficiency. This is a useful measure for evaluating a potential 
purchase in light of a firm's liquidity position. 
However, it must be supplemented with one of discounted cash flow based 
measures that gives a more complete picture of equipment's total profitability over the 
life of the equipment investment. The time«adjusted rate of return on investment is one 
such technique that is used by some firms. Among several other widely used approaches 
is the net present value method. 
Before the total investigation go too far a formal proposal Justifying the need for 
additional capital equipment should be prepared for the top management. Although the 
proposal must contain more than an economic analysis, a complete quantitative analysis 
showing the potential profitability of the various alternatives should constitute a major 
section of such a proposal. 
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6.4.3.4 QUALITATIVE CONSIDERATIONS 
Certain qualitative factors concerning potential supplier are important in making 
any purchase. Capital equipment purchases require a different type of cooperative 
relationship between the buyer and the seller it is important initially that a supplier will 
help with installation, start up, adjustment and so on. 
At some future date the buyer may also require a warranty adjustment. Especially, 
important is an assessment of the supplier's policy and co-operativeness with respect to 
the supply of replacement parts and service for the equipment, particularly for the later 
when a new model supersedes the equipment. Scholar is of the view that the parts which 
likely to be replaced after sometime and not very costly should be purchased with the 
equipment. 
The capital equipment buyer is concerned with supplier's ability to produce 
reliable equipment that performs in accordance with specification. This implies the 
definite need for an assessment of supplier's technical and production capabilities. As the 
situation demands, a good buyer uses various approaches and personnel in making such 
an assessment including plant visit and technical discussions with the supplier's 
personnel. However, buyers should not overlook the simple technique of investigating i.e. 
feedback from supplier's customer. This is an invaluable source of information that is 
easy to tap. 
Generally speaking qualitative consideration do not play a primary role in the 
selection of a supplier for capital equipment. They are usually considered in the final 
analysis after the major factors have been weighed. The qualitative factors are the straws 
that tip the balance on way or the other for the several potential suppliers who rank high 
on combined technical and economic considerations. 
6.4.4 USED EQUIPMENT 
A buyer is by no means restricted to the purchase of new capital equipment. 
Purchases of used machinery in fact constitute an important percentage of total machinery 
sales. 
6.4.4.1 REASONS FOR PURCHASING USED EQUIPMENT 
A purchaser may consider buying used equipment for several reasons. Firstly cost 
of used machinery is substantially less than that of new equipment. Analysis of payback 
or return on investment may well reveal that a piece of used equipment is a better buy 
than a new machine. Even if this is not the case, a firm's financial position may dictate 
the purchase of a lower-priced machine. Secondly, used equipment is more readily 
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available than new equipment. In some situations, availability may override all other 
considerations. 
Used equipment in cases, when operating requirements are not severe, a used 
machine in sound condition frequently provides economical service for many years. In 
the event that equipment is needed for standby or peak-capacity operation, or for use on a 
short-lived project, more often than not used equipment can satisfy the need very well. It 
is third and very common reason for the purchase of used equipment. If used equipment 
adequately satisfies the purchaser's need, in such case there is no point in buying new 
equipment. 
6.4.4.2 THE USED EQUIPMENT MARKET 
Used equipment becomes available for purchase for a number of legitimate 
reasons. When a firm buys a new machine, it frequently disposes of its old one. Although 
the old machine may be obsolete relative to the original owner's needs, it is often 
completely adequate for the needs of many potential buyers. If significant changes are 
made in a firm's product design or production process, it may be advantageous to obtain 
more specialized production equipment. Finally, some used equipment becomes available 
because the owner lost a particular contract or has discontinued operation altogether. 
Whatever the reason, a great deal of used equipment is available and commonly is 
purchased from one of four sources. 
(1) Used equipment dealers 
(2) Directly from the owner 
(3) Brokers 
(4) Auctions. 
In recent years, the majority of these purchases have been made from used 
equipment dealers who specialize in buying, overhauling, and marketing certain types of 
equipment. Dealers are usually located in large industrial areas, and as a rule, they 
periodically advertise the major equipment available. 
6.4.4.3 USED EQUIPMENT DEALERS 
These dealers typically specialize in certain kinds of equipment and sell two types 
of machines: "reconditioned" machines and "rebuilt" machines. Generally speaking, a 
reconditioned machine carries a minimal dealer warranty and sells for approximately 40 
to 50 percent of the price of a similar new machine. The machine usually has been 
cleaned and painted, broken and severely worn parts have been replaced, and the machine 
has been tested under power. A rebuilt machine typically carries a more inclusive dealer 
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warranty and sells for perhaps 50 to 70 percent of a new machine's price. A rebuilt 
machine usually has been completely dismantled and built up from the base. All worn and 
broken parts have been replaced, wearing surfaces have been reground and realigned, the 
machine has been reassembled to hold original tolerances, and it has been tested under 
power. 
6.4.4.4 SALE BY OWNER 
Some owners prefer to sell their used equipment directly to the next user because 
they think they can realize a higher price than by selling to a dealer. Some buyers also 
prefer this arrangement. It permits them to see the machine in operation and learn 
something about its usage history before making the purchasing decision. 
6.4.4.5 BROKERS 
A broker is an intermediary who brings buyers and sellers close together but 
generally does not take little warranty to the equipment sold. Brokers sometimes liquidate 
large segments of the equipment of a complete plant. Occasionally, an industrial supply 
house or a manufacturer's agent will act as a broker for a good customer by helping the 
firm from dispose of an old piece of equipment which has a limited sales market. 
6.4.4.6 AUCTIONS 
Auction sales represent still another source of used equipment. Several types of 
auction firms are in operation. Some actually function as traders, buying equipment and 
selling from their own inventory. More common, however, are the firms, which simply 
provide the auction sale service. Their commission is usually somewhat less than a 
broker's commission. Generally speaking, buying at auction is somewhat more risky than 
the other supply sources because auctioned machines usually carry no warranty, and 
rarely it is possible to have the machine demonstrated. In some cases, however, machines 
can be purchased at auction via videotape or closed circuit TV; this permits the buyer to 
see the machine operating in a distant plant. In scholar's opinion to arrive at bottom price 
one can consider machine as scrap. 
6.4.4.7 CAUTIONS IN PURCHASING USED EQUIPMENT 
The age-old adage of caveat emptor - let the buyer beware - is particularly 
applicable when purchasing used equipment. 
It is difficult to determine the true condition of a used machine and to estimate the 
type and length of service it will provide. For this reason it is wise to have one buyer 
specialized in used equipment. Moreover, it is virtually essential to enlist the cooperation 
of an experienced production or maintenance specialist in appraising used equipment. It is 
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always sound practice to check the reputation of a used equipment supplier and to shop 
around, inspecting several machines before making a purchase. Whenever possible, a 
machine should be observed under power through a complete operating cycle. Finally, a 
prospective buyer should determine the age of a machine. If not available in the seller's 
records, the age of a machine can be traced through the manufacturer supply by serial 
number identification. The combined knowledge of age and usage history is a key guide 
in predicting the future performance of a used machine. 
In preparing a purchase order for used capital equipment, care must be taken to 
include all essential data. In addition to an adequate description of the machine, an order 
should specify the accessories included, warranty provisions (if any), services to be 
performed before shipment, and financing as well as shipping arrangements. 
Generally speaking, sellers do not provide service for used equipment after the 
purchase. All transportation, handling, installation, and start-up costs, as well as risk, are 
usually borne by the purchaser. 
6.4.4,8 LEASED EQUIPMENT 
In addition to the possibilities of purchasing new or used capital equipment to 
satisfy a firm's requirements a buyer has a third alternative that of taking the equipment 
on lease. Extent of leasing is to be investigated in India. The basic reason for the leasing 
is heavy demand for capital in most firms relatively high interest rates and the fact that in 
an inflationary economy depreciation usually fails to produce sufficient funds to replace 
all the capital equipment that needs replacing. 
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CHAPTER-7 
COST OPTIMIZATION IN MANAGEMENT OF MATERIALS 
7.1. INTRODUCTION 
Construction of civil engineering worlcs is basically, creation of an immobile 
property which is irreversible in nature i.e. ordinarily difficult to change or make 
alterations in the structure produced. 
For excellent performance of construction it is necessary that each operation 
involved should be done with full sincerity and devotion. One of the steps involved is, 
quality of raw material but a microscopic examination reveals, not only quality but also 
what a consumer wants, a right product, at right price and at right time. The goal is 
accomplished by blending five M's machine, men, material, money and management. 
Material is lifeblood of construction. No construction programme can operate 
without proper supply of right material at right price at right time in right quantity and at 
right place. In construction industry materials management activity needs a lot of 
improvement (Homaid, 2002). Historical data indicates that materials accounts for 50-
60% of project cost (Stukhart 85, CIl 1988). 
Failure of any of these responsibilities adds to construction cost and diminishes 
the profit. Every rupee saved in purchasing is a new rupee of profit. Thus objective of 
purchasing should be very clear before hand. 
7.2. OBJECTIVES OF PURCHASING 
Objectives of purchasing can be summarised as under: 
(1) To give continuous support to construction operations. 
(2) To buy competitively and wisely. 
(3) To keep inventory investment and losses to a practical minimum. 
(4) To develop reliable alternate sources of supply. 
(5) To develop good buyer and seller relationship. 
(6) To develop policies and procedures to lower the operating cost. 
7.3. ROLE OF MATERIALS MANAGEMENT 
The group involved in procurement, distribution and logistics of the material has 
the responsibility to reduce total material cost. 
Any cost control mechanism can work in totality only. Uncoordinated cost 
reduction is sometimes misleading, because cost reductions made in one area, 
simultaneously increases cost in another area e.g. bulk purchasing reduces acquisition 
cost but it increases carrying cost of inventories. 
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In an average construction, material cost represents over two third of total cost. 
Thus cost of materials is prime area for cost reduction. To reduce material cost to lowest 
practical level, a construction must be analysed and controlled from a total system 
viewpoint. In construction total materials management activity can be summarised as 
shown in Fig.7.1. 
PROCUREMENT ACTIVITY 
^r 
1. Development of material specification. 
2. Value analysis 
3. Market research and source selection. 
4. Negotiation. 
5. Buying. 
6. Quality assurance 
7. Transport and logistics 
^ f 
MATERIALS HANDLING AS PER 
CONSTRUCTION SCHEDULE 
y r 
CONSUMPTION AT THE SITE OF 
CONSTRUCTION 
Fig.7.1. THE MATERIALS MANAGEMENT ACTIVITY 
However, inefficient materials management is a loss, which cannot be discovered 
in cost accounting records of the firm. Every effort should be made to shut this hidden 
drain as this indirect gain happens without any investment. 
7.4. THE QUALITY 
In everyday life, quality means intrinsic excellence of material. In industrial use, 
quality means suitability of material or labour for a particular purpose with lowest 
possible cost. In industrial purchasing, quality comes first, price comes next or in other 
words quality determines the price. Now purchase manager is confronted with three 
questions, how to determine, how to define and how to control the quality? 
In the field of construction material fixation ofqualily is really dilficult as most of 
the materials are natural occurring material. However, IS codes have tried to standardise 
the method for quality determination. 
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Quality can be described by following methods in purchase orders. 
(1) Market grades 
(2) Brand or trade names 
(3) Commercial standards 
(4) Chemical or physical specification 
(5) Material and method of manufacture specification 
(6) Blue prints or engineering drawings 
(7) Samples 
(8) Qualified product list 
(9) Combination of any of the above 
Thus, there are so many ways by which quality can be specified. However, 
minimum quality standards should be specified which is necessary to perform intended 
function, as over specification is a hidden drain and unique features can cause delays in 
delivery. 
7.5. SOURCES OF SUPPLY 
If any industry is not able to move with time it will fall way side. If a company is 
dealing with poor suppliers, it may jeopardise the future of the buyer firm itself Thus a 
buyer should initiate three actions in this direction viz. reward satisfactory suppliers, 
eliminate unsatisfactory one and develop new suppliers. 
In selecting a supplier, competitive pricing, reliable quality, timely delivery and 
good technical service should be the criteria. After selection of competent supplier buyer 
has to motivate, help and periodically evaluate the supplier. A company should always try 
a symbiotic relationship with supplier and both should realise advantages of continuing 
relationships. A buyer firm should try to earn good reputation for fairness. However, it 
does not appear on balance sheet but it has real capital value, which is noticed during 
periods of short supply. 
7.6. PROCUREMENT OF MATERIAL 
The first step in this process is search and selection of sources. 
7.6.1 SELECTION OF SOURCING 
The buyer company should always maintain a personal supplier file for their own 
use. Maintenance of such file is necessary to save time, as many purchasing operations 
are repetitive in nature. Following are sources of information: 
1. Supplier's catalogue 
2. Trade registers and directories 
3. Trade journal 
4. Yellow pages 
5. Newspaper 
6. Sales personnel 
i/y 
7. Trade exhibitions 
8. Other purchasing departments 
9. International sources 
10. Web pages internet 
7.6.2 EVALUATION OF A POTENTIAL SUPPLIER 
After compilation of list of all potential suppliers, the next step is evaluation of 
individual supplier. After stone testing a short list of vendors is developed with whom the 
buyer may desire to negotiate. This very list should be comprehensive enough to cause 
competition of all types mentioned as under. 
1. Price competition 
2. Technological competition 
3. Service competition 
7.6.3. TYPES OF EVALUATION NEEDED 
This is the dollar value and complexities of the product, which guides type of 
evaluation. For low value, simpler and branded products catalogue and brochures are 
sufficient for taking decision. 
For complex high dollar value purchases a detailed analysis is needed. These 
include visits to plant, financial, managerial and service capabilities. 
7.6.4 POST SELECTION PROBLEM 
Once an order or a contract is awarded, the relationship between buyer and seller 
legally becomes contractual one. Too often buyer feels that consumniating a contract with 
a carefully selected supplier ends their major responsibility. 
In case of supply of construction material in India supplier should always be 
looked upon with suspicion, as suppliers are not much interested in maintaining a very 
long-term relationship. 
This is obligatory upon buyer to search for new and better supplier and should 
always keep an alternate supplier in his pocket. 
7.6.5 PRICING THEORY 
Whatever is the market condition i.e. inflation or recession; stability or instability, 
obtaining the material at right price is essential to every organisation. Right price means a 
price, which suits, to both buyer as well as seller, unfortunately there is no set rule or 
formula for fixing the right price. 
To determine right price for any specific purchase, a number or constantly 
changing variables and relationships must be evaluated. This evaluation must be made in 
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consonance of total circumstances surrounding a specific purchase at a specific point of 
time. Few considerations are as under: 
7.6.6 GENERAL ECONOMIC CONSIDERATION 
As per classical economics there are three types of competition, pure, 
monopolistic and imperfect. Under condition of pure or perfect competition the forces of 
supply and demand alone govern the price. Action of an individual buyer or seller does 
not determine the price. 
In monopolistic competition one seller controls the entire supply of a particular 
commodity and thus he maximises his profit by regulating output and forcing a supply 
demand relationship that suits him best. 
The competitive area between two extremes of pure competition and monopoly is 
called imperfect competition. 
Thus, it is clear that there is very little scope for negotiation in the markets of pure 
competition and monopoly. In order to smooth out irregular production levels and to gain 
competitive advantage, firms sell a line of products rather than just a single product, but 
they do not earn same profit margin on each product in line. That is why it is essential for 
buyer to know the margin on each product for a better bargain. 
For a good buyer it is necessary to calculate fair profit and search for a fair profit 
supplier. 
7.6.7 NEGOTIATION 
Negotiatioh is a method of price determination. Negotiation generally includes 
areas of quality, quantity, services and price. When adequate price competition does not 
exist a fair price should be determined by analysing cost, profit and then arrive at a price 
by negotiation. 
7.6.7.1 OBJECTIVES OF NEGOTIATIONS 
There are five major steps common to all negotiation. These are 
1. To obtain a fair and reasonable price for the quality specified. 
2. To ascertain that supplier will perform the contract on time. 
3. To exert some control, over the manner in which contract is performed. 
4. To persuade the supplier to give maximum cooperation to the buyer's company. 
5. To develop a sound and continuing relationship with competent supplier. 
7.6.7.2 CHARACTERISTICS OF A GOOD NEGOTIATOR 
If a person is not good in negotiation, he should never participate in negotiation. A. 
successful negotiator has following characteristics: 
I. He should have broad business experience. 
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2. He should possess basic knowledge of all primary functions of business. 
3. He should know how to use the tools of management accounting, human relations, 
economics, business laws and quantitative methods. 
4. He should be knowledgeable about the techniques of negotiation and the product he 
buys. 
5. He should have leadership qualities. 
6. He should have enough judgment and wisdom to integrate diverse knowledge. 
7.6.8 PRICE ANALYSIS 
Price or cost analysis is necessary for every purchase. The method and scope of 
analysis are guided by the dollar amount and circumstances associated with each specific 
purchase. The prices are dependent on many factors such as season, quantity of purchase, 
manufacturing cost, wages and general economic conditions, all of which can vary with 
time. 
The skill of price estimation is a science as well as an art. What is needed, a little 
wisdom and knowledge of different materials and a knack of cost accounting. 
When a buyer is purchasing material for the first time. The buyer must look to 
reliable sources for practical help. In this direction maximum help is obtained from trade 
journals and business magazines. For cost analysis buyer can request to seller to submit a 
cost break-up along with quotations. This is the proper time to make such requests not 
after the negotiation. The very simple way to obtain this break-up is inclusion of the 
statement "quotations without cost break-up will not be considered". 
The purpose of cost analysis is to arrive at a price, which is reasonable and 
acceptable to both buyer and seller. To analyse seller's cost a buyer must understand the 
nature of each of the various costs, a manufacturer incurs. Buyer must know the 
difference between variable, semi variable, and fixed costs. A lack of appreciation of how 
these types of costs influence price probably is the basic reason why many purchasers fail 
to exploit price negotiation to its fullest potential. 
Buyers are constantly subjected to seller's attempt to convince them that the 
seller's product is distinctive and should not be bought on such a mundane basis as price 
only. Of course, truly distinctive products enjoy higher profit as compared to competitive 
consumer product. Informed buyers are well versed with these realities and with 
experience they can easily cope with them. To pay higher profit margins for truly 
distinctive product, can be a good buying. However, to pay higher profit margins for 
competitive products is a poor buying and such precedents reflect a lack of fundamental 
purchasing analysis. 
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Nevertheless advertisement and sales tactics should not influence industrial buyer. 
They determine quality from analysis of fact not from unsupported claims. 
From buyer's viewpoint, competition is the main spring of good pricing. In 
normal conditions most of the seller quote their price on same lines. When company faces 
a competition then price quoted by any firm is governed largely by its needs for business 
and by what it thinks its competitor will quote. Firms accept lower prices in the period of 
recession. A new seller may quote price close to out of pocket cost to gain experience in a 
situation where additional large orders are expected to follow. 
After considering purchasing activity in totality a buyer should try to purchase at 
prices as close as possible to the bottom of the estimated price range. 
7.6.9 DISCOUNTS 
A discount is considered as a routine prosaic part of pricing. However, it is not 
always the case. Discounts are used as a technique for reducing prices when all other 
techniques have failed. There are four types of discount, trade discount, quantity discount, 
seasonal discount and cash discount. 
7.6.9.1 TRADE DISCOUNT 
These discounts are reductions from list price allowed for various classes of buyer 
and distributor to compensate them for performing certain marketing function for the 
original seller or manufacturer. Naturally, the seller entitled for maximum discount will 
offer minimum rates. The general rule for a buyer is to go as close to manufacturer as 
possible. Large purchases should never be done from a janitorial supplier. 
7.6.9.2 QUANTITY DISCOUNT 
These price reductions are given to a buyer for purchasing bulk quantities of 
material. The basis for quantity discount is either quantity or dollar value. 
7.6.9.3 SEASONAL DISCOUNT 
This is least important industrial discount. Producers offer such discounts for 
purchases made in the off-season e.g. fans. 
7.6.9.4 CASH DISCOUNT 
Many sellers traditionally offer price reduction for the prompt payment of bills. 
They give such discounts to avoid attendant costs like, cost of tied up capital, accounting 
of credit and lastly does not want to revive the nostalgy of "bad debt". 
Buyers should take full advantage of highest possible cash discount. Low prices in 
the form of higher cash discount are an ever-present avenue of price reduction which 
buyer should never fail to explore. 
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7.6.10 QUALITY ASSURANCE 
A quality assurance is an important element in fixing the competitive position of 
the company in the market. Progressive company is always interested in producing and 
selling profitably a product, which performs a specific function. In turn company is 
concerned with, achieving the total desired quality for the product. Engineering design, 
production methods and quality of raw material and performance of external suppliers 
influences total cost and quality of the product. 
Conversion of raw material into a usable finished product involves network of 
activities of different nature. A superb quality is possible when each activity is done in 
best possible manner. 
7.6.10.1 PURCHASING AND QUALITY ASSURANCE 
Ordinarily four factors determine long run quality level of a firm's incoming 
materials. 
1. Creation of thorough, pin point, proper specification for the quality requirement. 
2. Selection of suppliers having technical knowledge and capable of maintaining 
consistent quality levels. 
3. Development of a rational relationship with supplier. 
4. Control and assessment of supplier's performance in terms of quality and cost. 
7.6.10.2 INSPECTION AND CONTROL 
Physical inspection of material is needed to control the quality. In construction, 
inspection should be done while material is being unloaded because of weight and 
volume of material, it becomes really trouble some to send back the defective material 
when delivered, in every purchasing contract, clause for delivery, return of defective 
material should be included. Penahies and deductions in payments should be explicitly 
written in purchasing contract. 
Thus defective, unacceptable material should be detected as early as possible; 
otherwise supplier may misinterpret an order or a specification. At last frequently 
encountered ship shod or dishonest supplier may cut corners, jeopardizing the quality of 
construction. In all cases it is less costly to detect defective material at the initial stages 
rather than after its consumption. 
7.6.10.3 RECEIVING AND INSPECTION 
When the material has arrived at site receiving personnel receives the paper and 
checks the material against supplier packaging slip and checks the material boxes for 
specification, mutilation and damages clc and receiving report with inspection llnding, is 
prepared. 
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If during inspection it is found material does not conform to specification tlien lot 
is rejected. Now there are two ways to deal the problem. One-way is return the material 
immediately if it is useless for consumption. Second way is to keep the part of material, 
which is suitable and return rest of the material. 
In any inspection process we either accept or reject the material or product on the 
basis of level of quality control limits. This method of inspection is called method of 
attributes. A great bulk of inspection is done today in industries by this method. Supplier 
should be informed in advance about the procedure that would be used for inspection. 
However, it is obligatory upon Buyer Company to reduce inspection cost by any suitable 
means. 
7.6.10.4 INVENTORY ANALYSIS 
Inventory analysis requires thorough knowledge of individual parts and its various 
uses. Sound inventory management begins with the development of complete inventory 
catalogue followed by through ABC analysis. 
7.6.10.5 INVENTORY CATALOGUE 
Inventory catalogue must be prepared with utmost care. It has two purpose. Firstly 
it serves as a medium of communication. It enables persons located in many different 
departments to perform their jobs more effectively e.g. think of a mechanic who has just 
removed a faulty bearing from a machine which has broken down. After noting the details 
of broken bearing storekeeper says, he can't help him, as it was not carried in stock. If the 
mechanic goes through inventory catalogue, he may well find a satisfactory substitute. 
7.6.10.6 INVENTORY MANAGEMENT 
Inventory management is a vital element in materials management and is an 
important part of business activity as inventory cost encroaches profit. 
Development of analytical technique and use of computer permit more 
sophisticated analysis of inventory cost problem. A blending of these two has transformed 
inventory control into a critical function requiring professional managerial skills, as in 
most of the firms inventory constitute 15 to 25 percent of its invested capital. 
Thus an inventory manager has to satisfy production and maintenance department 
with higher inventory levels and at same time finance department with lowering the 
inventory investment. 
In construction we come across with two types of inventories viz. production and 
MRO. 
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Thus, firstly proper cross indexing in the inventory catalogue can help users of 
common interchangeable parts, a typical situation with many MRO supplies, 
Secondly inventory catalogue can be used to control inventory itself. It eliminates 
duplicate records for identical parts. Thus identical parts should be consolidated on one 
inventory record. But it has been found in practice that in reputed companies two or more 
inventory records bear different numbers for the same part. 
Such situation leads to higher inventories and reduced operating flexibility. It has 
also been found that same part with different nomenclature is being purchased; such 
results increase vendor document. Thus cautiously prepared inventory catalogue reduces 
possibility of duplication. 
As soon as inventory has been identified ABC analysis should be done. 
7.6.10.7 INVENTORY CONTROL SYSTEM 
There are basically three systems for controlling inventory, cyclical ordering, 
fixed order quantity and material requirement planning system. 
Cyclical ordering system is basically a periodic control system in which order 
placed when stock falls below a threshold level. 
In fixed order quantity system every item has its own unique optimum order 
quantity rather than time. A predetermined quantity is ordered each time to replenish the 
depleted stock. 
Today computer can very well maintain record of stock level and inventory can be 
managed by 'management by exception' principle. 
MRP system is a computer based inventory control system in which computer is 
used intensively. This is an advanced form of cyclical ordering system. MRP is best 
suited for firms producing many different products. 
7.6.10.8 DETERMINATION OF ORDER QUANTITY 
The anticipated daily usage, quantity in hand and time lag between next inventory 
review and date of purchase order usually fix the order quantity. The sole objective is to 
have relatively low investment in production inventory. Just in Time Manufacturing (JIT) 
are the practice basically developed for reducing production inventories. However, this 
quantity has to be viewed with quantity discount, economical shipping quantity situation 
and so forth. 
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7.6.10.9 THE ECONOMIC ORDER QUANTITY CONCEPT 
Inventory carrying cost and inventory acquisition costs are prime factors, 
determining economic order quantity. Five major elements are there, in inventory 
carrying cost as under 
(1) Interest on investment 
(2) Insurance cost 
(3) Property tax 
(4) Storage cost 
(5) Loss in obsolescence and deterioration 
Thus carrying costs is generally directly proportional to the inventory level. 
However, acquisition cost like placing of order, maintenance of accounts, fax, telephone 
and postage are proportional to number of order placed in a year. Thus an optimal 
combination of quantity and number of orders is necessary for lowering the total 
inventory cost. Thus the optimal quantity we find when inventory carrying and 
acquisition cost becomes equal. Such quantity is called economic order quantity. 
7.6.10.10 PURCHASE TIMING 
The basic job, of materials manager is to buy material of right quality from right 
vendor, at right price, at right time and lastly in right quantity. Except first two, rest of the 
three are closely inter-related. As we see in our every day purchases that goods and 
services in their peak season are costlier. Thus timing of purchase and its impact upon the 
total material operation is to be analysed. 
7.6.10.11 TYPES OF MARKET AND TIMING 
Timing of purchase varies according to type of the market in which material is 
purchased. There are two broad categories of market. One in which factor of supply and 
price are reasonably stable in short run and another in which supply and price fluctuate 
substantially producing a highly unstable short run situation. 
7.6.10.12 STABLE MARKETS 
Off the shelf industrial product like hardware, electric motor, pumps, tools etc. are 
sold in such markets. The general forces of supply and demand usually determine the 
price level. In such market buyer has little influence over the price unless quantity is large 
enough for a price favour. 
7.6.10.13 UNSTABLE MARKET 
Unstable market exhibits appreciable short run fluctuations of supply and price. 
Products like building material, hides, wheat, and vegetable oil fall in this category. The 
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market price of such commodities often varies substantially from week to week and 
month to month. 
7.6.10.14 TIMING OF PURCHASE 
In considering the timing of purchases buyers are primarily interested in assuming 
their firms an adequate supply of suitable material at best possible price, consistent with 
quality and service requirements. As a general principle timing is not a critical factor 
when purchase is being made in a stable market. There are exceptions always. 
Timing has paramount importance in a market, which tends to be unstable. A keen 
observation and analysis of market conditions are essential for good purchasing. In such 
situation, buyer cannot influence market price but they can achieve their objective by 
adjusting timing of purchase. 
7.6.10.15 POLICIES FOR PURCHASE TIMING 
There are two approaches to the problem. First is purchase according to the 
current requirement and second is purchase according to market conditions. In first 
approach market condition is disregarded and volume of purchase is important. 
In second approach manager anticipates his requirement and adjusts purchase 
timing according to market conditions. Now he can engage three type of buying activity 
i.e. hand to mouth buying, forward buying and speculative buying. 
7.6.10.16 HAND TO MOUTH BUYING 
In such buying only that much quantity will be purchased which is necessary for 
current operating requirement. This is done when prices are falling, likelihood of 
inventory loss exists and to reduce inventories. 
7.6.10.17 FORWARD BUYING 
It is done when material need exists in foreseeable future, to take advantage of 
favourable price situation, to avoid likelihood of inadequate deliveries, and to have better 
margins in contracts of predetermined prices. 
7.6.10.18 SPECULATIVE BUYING 
Speculative buying is done when manager thinks that a need will arise for the 
material in near future and company will profit by making the purchase at the current 
price. Opportunities for such purchases arise when a niarkcl drops lor a short period and 
buying firm has sufficient capital to finance speculative investment. However, 
manufacturing companies are meant for profit from production and distribution of the 
product not from speculation in materials market but such opportunities should never be 
missed. 
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7.6.10.19 BUSINESS FORECASTING 
If purchasing is being done in unstable maricet manager must understand 
fundamentals of business forecasting to make wise buying decisions over the long run. 
Analysis of general economic condition is first step in this direction. There are two ways 
to deal with such situation, one is take the services of business and forecasting agency or 
analyse published business statistics themselves. A critical analysis of data provides much 
more insight into the total situation than the forecast itself 
To analyse such data, is not an easy task. A simple approach is to select a set of 
business indicators and study, each of them individually in an attempt to determine 
probable activity in the near future. Indicators of general economic condition are new 
order for durable goods, commercial building contract awards, arid wholesale price index 
of 28 basic commodities. For comparison with past figure all value should be adjusted for 
seasonal variation. 
Now after having the feel of general economic condition the buyer should 
investigate specific market in which he himself is interested. This work can be done in 
two ways either by eliciting information from supplier and trade literatures or by using 
statistical forecasting technique. However, final decision is based on so many parameters 
like past history, quantitative data sifting and qualitative feel of forecast or to reduce 
market risk. Buyer can use time budgeting and hedging to minimise the risk involved. 
7.6.10.20 VALUE ANALYSIS OR VALUE ENGINEERING 
In any article we always search for two values viz. aesthetic and functional and 
lastly the article is worth for the price paid. In industrial product we focus more on 
function. The value analyst attempts to ascertain how a specific function can be 
performed effectively at the lowest possible total cost. Thus value analysis tries to remove 
unnecessary parts used in the product or one can say, value analysis tries to develop very 
rational specification. Thus value analysis reduces, to design analysis and cost, analysis. 
7.6.10.21 DESIGN ANALYSIS 
In design analysis we try to answer four basic questions. 
(1) What part can be eliminated without impairing the operation of the complete unit? 
(2) What simplification can be made to reduce its basic cost? 
(3) Cost of modified part will be more or less, compared with the original design. 
(4) Can we use less expensive but equally satisfactory material? 
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Such questions discover potential improvement in the product in broader sense 
than that possessed by original designer. Thus value analysis requires participation of 
persons from different background. 
7.6.10.22 MAKE OR BUY 
A purchase manager explores all possibilities and evaluates potential suppliers to 
procure satisfactory product at the lowest possible cost. During this investigation, one 
reaches at cross roads of make or buy. The make decision involves maximum utilization 
of its productive, managerial and financial capabilities. However, only few companies 
thoroughly investigate make or buy problem. Such problem is encountered when new 
product is developed or a modification in product, or poor supplier's performance, or 
periods of significant sales growth or sales decline also generates situations for make or 
buy analysis. 
7.6.10.23 FACTORS WHICH FAVOUR MAKING 
(1) Cost considerations. 
(2) Integration of plant operations. 
(3) To meet fixed overheads by using excess plant capacity. 
(4) To have direct control over product and quality. 
(5) Secrecy requirement. 
(6) Unreliable suppliers. 
7.6.10.24 FACTORS WHICH FAVOUR BUYING 
(1) Cost consideration. 
(2) Supplier's specialised know how. 
(3) Little requirement. 
(4) Limited production facility. 
(5) To maintain a stable work force. 
(6) Desire to maintain an alternate source. 
(7) For cost and quality auditing. 
Thus there is no straightforward rule exist for make or buy decision. Analyses of 
historical cost, review of present economic and labour considerations decide make or buy 
decisions with the sole objective of saving in cost. 
7.6.10.25 WAREHOUSING AND STORE MANAGEMENT 
Receiving and storage are important links in materials management chain for 
effective inventory control. Firstly it controls the flow of raw material and components 
into the production operation. Secondly store organization acts as a custodian for 
providing safety and controlling the pilferage. Thus an cfllcicnl store operation saves 
attendant cost in; price, paper work and handling. 
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The specific responsibility of store's function is to inspect identify and receive the 
materia! when found suitable. 
Receiving is basically a clerical operation but it requires a little technical 
judgment. Thus, a capable person who can take decision should supervise receiving 
operation. A five minutes inspection of material can save hours required for rectification 
after the material has been consumed. Receiving begins observing unloading and 
checking the conditions of shipment and ends in completing record and finally placing at 
proper location in store. 
7.6.10.26 STORE SYSTEM 
Open and closed are the two systems for physical storage of material. It depends 
upon type of material to be stored, to decide between closed or open system. 
In closed store system materials are physically stored in a closed warehouse in 
controlled area, which is locked after receipt and despatch of material. 
In open store system, as such no storeroom is required. It is the system adopted by 
construction sites, where some material is required in bulk. Most of the JIT 
manufacturing systems adopt it where material and component does not need a warehouse 
at all. 
Uptill now we have discussed managerial part of materials procurement. In any 
construction, choice of most suitable material, various properties and its cost plays a vital 
role on arriving any decision. The very basic factor to be considered is the ability to serve 
during useful life of the structure and its performance during construction. Thus the term 
all alone "durability of the material" in isolation is vague. 
7.7 CHOICE OF MATERIAL 
In choice of material the problem arises when more are the alternatives. In 
construction the range is very wide e.g. a building can be made of steel, concrete, 
masonry or wood. The designer has to select most appropriate cost effective material 
which will perform the desired function during the useful life of the structure. 
The knowledge of materials and its various properties or qualities, are necessary 
for choosing the right material and its various properties for a particular job. Quality of 
construction material is governed by physio-chemical-mineralogical composition, 
external appearance, texture, structure and a combination of many properties by which 
one material differs from another. 
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Any construction material should be studied in isolation as well as its 
characteristics and interrelation with other material in any physical and chemical change 
or reaction also. 
Thus, the selection of most suitable material for a particular construction at a 
minimum cost calls for an intimate knowledge of peculiar and varied property of 
materials. In totality various properties of construction material is specified by the term, 
'engineering properties'. The group of properties, which are pertinent to construction, are 
called construction properties. 
The construction properties of material can be subdivided into four major groups 
chemical, physical, mechanical and technological as detailed below. 
Chemical 
Adhesion 
Ageing 
Cohesion 
Combustibility 
Contraction 
Corrosion resistance 
Crystallization & Recrystalization 
Decay (rot) resistance 
Hardenability 
Hardening rate* 
Hardening* 
Heat liberation and absorption 
Softening temperature* 
Solubility 
Toxicity 
Weather-proofness 
Physical 
Acoustic permeability 
Bulk Volume 
Capillary action 
Cleavage 
Density 
Electric strength 
Fire resistance 
Frost resistance 
Hardness 
Heat capacity 
Thermal and electrical conductivity 
Hygroscopicity 
Light fastness 
192 
Porosity 
Refractoriness 
Shrinicage 
Volume and surface resistivity 
Volume-cliange uniformity* 
Water proofness 
Water absorption 
Water yielding capacity 
Mechanical 
Abrasion, Wear and Fatigue 
Cold shortness (brittleness) 
Deformability and, in particular, creep 
Friability 
Red shortness 
Relaxation 
Strength- resistance of material to the action of external static forces 
(compressive, tensile bending, shear and torsional strength resistance to various dynamic 
external forces (impact, alternating, vibratory loads) 
Technological 
Caking (slumping)* 
Caking quality 
Crushability* 
Drying rate 
Forgeability 
Hiding power 
Intensity 
Melting 
Mouldability of mixes 
Nailability 
Non-segregation of mixes 
Oil absorption 
Shrinkage 
Viscosity* 
Weldability 
(*These properties can also be placed into other group.) 
Properties of materials are determined by various tests in laboratories and tleid but 
all properties cannot be quantified such properties can be predicted by past experiences 
and historical facts. In case of building material past history is a valuable tool as most of 
the building materials are natural material. 
When the right type of material has been chosen and the writing of the 
specification or criterion for the acceptability of material has been written, the 
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engineering or technical part of the problem is over and procurement process, which was 
discussed earlier, begins. 
Now qualities and specifications for different building materials are being 
discussed as under. Materials can be classified in two categories viz. natural materials and 
machine made branded product. Purchase of branded product is easy but that of the 
natural materials is difficult. 
7.8 THE WOOD 
Wood is perhaps the oldest material known to man for different uses like fuel, 
agricultural implements, boats and house construction. The form of wood, which is used 
in building construction or suitable for carpentry, is called limber. The word timber has 
been derived from the word 'timbrian' which means to build. 
Since wood is a natural material and there is a gap between demand and supply it 
invokes to think about the alternate wood, other than teak, sal and deodar for a particular 
work. For the selection of cost effective and most suitable wood for particular work 
information can be obtained from the book 'Common Uses of Indian Timber'. Of course, 
in selection of wood prime or critical qualities should never be ignored. 
When wood has been selected then problem reduces to its commercial name, 
botanical name and its abbreviated symbols. 
IS: 1150-1976 reports that 231 wood species are commonly found in India with 
their trade name, botanical name and their designated abbreviated symbols. 
Machinibility of wood is also of vital importance as it directly increases 
machining cost of the product. Usually five types of operations i.e. plaining, boring, 
mortising, turning and shaping are done on the wood. For large projects wood should be 
evaluated for all the five operations as per IS: 8293-1976. 
Since wood is a naturally occurring material so it has defects. Thus ail the baulks 
and scantling should conform to IS: 190-1974 and IS: 5246-1969 which thoroughly deals 
with the specification of raw wood. Evaluation of defects in converted timber should be 
done as per IS: 3364 (Part II) 1976. 
For billing purpose measurement of wood is an important step. In open market 
wood trunks are sold by weight or sleepers (baulks) are sold by volume while measuring 
the length width and thickness, least dimension should be measured with utmost care and 
volume should be calculated up to three decimal places. 11" purchaser has lo purchase 
trunk then area of dark colour wood or heartwood should be measured for calculating 
volume of the baulk or sleeper, which will be obtained after sawing. 
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Presence of moisture plays an important role in overall performance of finished 
wood product. IS: 287-1973 deals with maximum permissible moisture content for timber 
used for different purposes. Usually up to 10-12% moisture is permissible for most of the 
woodwork. 
If timber is being purchased for large project for structural purpose then basic 
properties of timber must be evaluated to determine average representative values, which 
could be used in structural design. For sampling of timber scantling from depots, the 
method adopted should conform to IS: 8720-1978. 
7.8.1 PLYWOOD 
Veneered particleboards are extensively used in building furniture, bus body 
construction etc. because of ease of machining and thus resulting saving in labour cost. 
Selection of particleboard depends on so many factors like location, aesthetics, 
exposure to rain etc. Particleboard with decorative veneers is suitable for interior 
decoration and for furniture making. For exposed locations exterior grade boards are 
suitable. 
IS 303-1975 deals with specification for plywood for general purpose. In general 
cost of plywood is determined by following factors. 
(1) Type of wood of veneer on faces. 
(2) Type of wood of veneer in inner core. 
(3) Quality of adhesive used for gluing the veneers. 
7.8.2 BLOCK BOARD 
The block board is being used extensively for partitions, panelling and in 
woodwork in buildings and houses. 
Block board is a board having a core made up of strips of wood having width 
ordinarily not more than 25 mm. These strips may be or may not be glued together. These 
strips are glued between two or more outer veneers with direction of the grain of the 
block running at right angles of the adjacent veneer. 
Following are the grade and types of block boards as given in Table-7.1 . 
Grade and type 
Exterior grade, commercial 
Exterior grade, decorative 
Interior grade commercial 
Interior grade decorative 
Symbol 
XCOM 
XDEC 
ICOM 
IDEC 
Tabic 7.1 : GRADE TYPES AND SYMBOLS FOR BLOCK BOARDS 
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Only those block boards, which conform to Class I or Class 2 of IS: 1659-1979 
should be selected for use. One should try for that wood which does not require any 
preservative treatment; usually choice falls on the local wood found in the region. 
If purchasing is to be done for a large project then project manager should visit the 
plant and should examine the manufacturing process. The various test like water 
resistance, adhesion, fungus resistance test, flexural and deflection test should be done as 
per IS: 1659-1979. 
7.8.3 ADHESIVE FOR LAMINATED WOOD 
Adhesive is one of the important materials for plywood industry, woodwork and 
joinery industry. Thus proper selection of adhesive and their correct use are controlling 
factor for quality and cost of plywood and joinery work. Adhesion of laminates in interior 
uses of plywood usually poses no problem but problem arises when exterior exposure 
happens on laminated wood. Thus, quality of adhesive becomes important. This adhesive 
is usually consists of reaction product of phenol and/or resorcinol with an aldehyde. The 
formulation should be mentioned in the literature of the product if not given then 
purchaser himself should ask about the same. The adhesive should conform to IS: 9188-
1979. 
Adhesives should always be kept in cool dry places. Following infbrmation should 
always be sought before use of adhesive. 
(1) Maximum permissible moisture content in the word at the time of gluing 
(2) Method of preparation of wood surface 
(3) Spreading of adhesive i.e. single or double spread 
(4) Minimum thickness of spread 
(5) Rangeof assembly times 
(6) Rangeof pressure 
(7) Minimum cure time and optimal temperature for curing 
For reducing the cost of adhesive certain extenders are used to dilute the adhesive 
and also to achieve certain modified properties in the glue mix, like ease of spreading of 
the glue. The extender in no way should adversely affect strength, durability and gluing 
property of the adhesive. 
The various extenders used in plywood industry are wheat Hour, rice flour, 
tamarind kernel powder, tapioca tlour, Sunn hemp, seed powder, any odour free vegetable 
starch or protein based material. Such extenders should conform to IS: 1508-1972. 
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7.8.4 DOORS 
Doors are needed in every room of the building for its security. In a small 
residential house built on a plot area 230 square metre consumes approximately 1 cubic 
metre of wood. There are three types of doors ordinarily installed in India are panelled, 
battened and flush door. 
Panelled doors are traditional doors in which 12 mm thick scantling panels are 
fitted in the groove. Labour cost is more in such doors as compared to flush doors due to 
horizontal projections. It allows dust deposition also. Thus from dusting and maintenance 
viewpoint such doors are not advisable. • 
Battened doors are provided in low cost houses such doors are cheap and easy to 
construct. IS: 6198-1971 deals with specification and drawing of battened doors. 
Flush doors are cheaper, have been extensively adopted in India, as its adoption is 
necessary to fill the gap of demand and supply of building construction wood. Flush 
doors are plain doors without any horizontal projection. Cost of labour of skilled 
carpenter is reduced to almost nil in flush doors. Flush doors are not suitable for places 
where security is critical requirement. It is well suited for office building, hostels but not 
suitable for bathrooms. 
Particleboard and wooden battens both are used for making flush doors. Facing 
can be of plain ply or decorative ply. IS: 2202-1983, IS: 4020-1967 deals with 
manufacture and specification of flush doors. 
Cost of the door is directly proportional to the volume of wood consumed 
multiplied by the rate. Thickness of the door usually varies from 25 mm to 40 mm. 
Thickness of the door should be kept as minimum as possible. As per scholar's 
experience thickness of panel door should not be less than 40 mm. The next dimension 
that fixes cost of door is width. Width of the door should be kept as minimum as needed. 
Height of the door is usually decided on the basis of functional requirement and has little 
bearing on cost. 
7.9 GLASS 
Introduction of all the mass produced material that we use in every day life 
probably none has a more exciting background or adds novelty to modern living than 
glass. There is hardly a moment in our daily lives that glass in some form is not 
performing a service for us. 
The art of glass making is very old and today the industry uses basically the same raw 
material, as did the ancient glassmaker. However, method of manufacture have changed 
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and improved, resulting in higher production rates, superior glass and sheet sizes far 
greater than anything possible under older methods. 
7.9.1 RAW MATERIALS 
Glass is described as soda lime silicate. It is made from silica (sand), soda and 
lime. If sand and soda are mixed together they produce on cooling a lard transparent 
glassy substance known as sodium silicate (water glass), which is soluble in water. When 
lime is added to the mixture, the solubility of the sodium silicate is reduced and when 
enough lime is added a durable glass is obtained which will stand up to the weather and 
all strong acids except hydrofluoric acid. 
Glass has two peculiar properties, which influence the manufacturing process. 
Firstly glass does not have a definite melting point. When it is heated it first softens so 
that it can be bent. Further heating brings it to the point when it becomes thick syrupy 
liquid, a state in which it can be worked. Finally at still higher temperature, it becomes 
thin watery liquid. 
Secondly, above a certain temperature known as the devitrification temperature, 
glass can be kept in a liquid condition without any change occurring. But it is kept just 
below that temperature for any length of time at which crystallization or devitrification 
occurs. It is, therefore necessary in any manufacturing process to complete, the operation 
before devitrification occurs. 
7.9.2 MANUFACTURING OF SHEET GLASS 
The raw materials, sand, soda and limestone are first ground to a fine state and 
mixed in the proper proportions. This mixture is known as fril, is fed into Ihc niling end 
of furnace and melted. In addition to the three basic materials, cullel (broken glass) is also 
fed into the furnace. 
During the initial melting stage a chemical reaction takes place among the three 
basic ingredients resulting in sticky mass full of bubbles. In the next stage the temperature 
is raised so that the glass loses the viscous nature and becomes a watery liquid allowing 
the gases forming the bubbles to rise to the surface. Third stage consists of cooling the 
glass down to a temperature at which the material is at ihc proper consistency to be 
drawn. 
Now this material is sent to a drawing kiln. Here it is drawn up in form of sheet by 
a series of rollers in desired thickness. 
Sheets of flat drawn glass are cooled slowly in a cooling chamber known as 
annealing lehr. The glass manufactured by the process has good surface but never free 
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from distortion, as tiie two surfaces of tiie sheet are not perfectly parallel. Various types 
of glass suitable for a specific purpose are as under. 
7.9.2.1 PLATE GLASS 
In the manufacture of plate glass, molten glass flows from the furnace between 
rollers of the glass-making machine. Because of this continuous flow process a greater 
range of thickness can be made than is possible with drawn glass. From the roller, the 
sheet passes into a lehr for annealing. After it emerges from the lehr the blank passes to a 
twin grinder unit, which simultaneously grinds both surfaces of the continuous ribbon of 
glass to make them smooth and parallel. At the end of grinder line, the ribbon is cut into 
large sections and polished to give clear undistorted vision and reflection, Jeweler's rouge 
is used, for polishing the moving glass under the felt padded revolving heads. At the end 
of polishing line the finished glass is washed and inspected before being cut to the desired 
sizes for shipment. 
7.9.2.2 FLOAT GLASS 
Float glass is a flat glass produced by new process. It combines the fire finish of 
sheet with the perfect flatness of the plate. This process eliminates the time consuming, 
grinding and polishing operations. 
In the manufacture of float glass frit the usual combination of raw materials is fed 
into the charging end of the glass furnace. The melted glass leaves the furnace and passes 
to a float bath where it is supported on molten tin. Gravity keeps the liquid tin very flat 
and heat applied from above melts out any irregularities in to glass, which is free to 
conform to the perfectly flat tin. 
As the ribbon of glass passes though the float bath, the heat is reduced until the 
glass is sufficiently hard to be fed on to the rollers of lehr without marking the under 
surface. After leaving the lehr glass is cut into long length and transferred to ware house 
where it is automatically cut, inspected and packed. 
7.9.2.3 REFLECTIVE GLASS 
Reflective glass is an innovation in glass making used to control glare and reduce 
solar heat. It is the product of a glass coating process, which is carried out in a large 
rectangular vacuum chamber. The glass is coated with micro thin layers of metallic films, 
which provide performance characteristics to the glass. It substantially reduces incident 
solar radiations by reflecting the sun's energy, resulting in saving in initial operating cost 
of air-conditioning. The reduced light transmission also diminishes interior glare and 
brightness. 
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It is manufactured in two types silver and gold, the glass can be specified in any of 
three nominal light transmittances of 8, 14 or 20 percent. A chrome coating provides 
silvery out door reflections and creates a cool effect during the daytime while being 
neutrally transparent from the inside. At night the glass reverses itself by being 
transparent from the outside and semi-reflective from the inside. 
7.9.2.4 FROSTED GLASS (ROLLED AND ROUGH CAST GLASS) 
This type of glass has same manufacturing process as of plate glass but in this 
type of glass vision is not clear. This glass has a use in factory roofs, walls, windows for 
halls and stair cases, sky light and partitions in offices. Cast glass diffuses light and 
because of its low reflecting and absorption index, it transmit 90 to 93 percent of light 
rays striking on it. 
7.9.2.5 CATHEDRAL AND FIGURED ROLLED GLASSES 
This type of glass contains pattern or texture impressed usually on one surface by 
a patterned roller. 
7.9.2.6 WIRED GLASS 
Wired glass is simply a rolled glass into which wire mesh is inserted during the 
process of manufacture. The wire greatly increases the resistance to shattering through 
impact. 
7.9.2.7 HEAT ABSORBING PLATE GLASS 
This glass is made by adding ingredient to the mix used in making regular plate 
glass so that the finished product is pale bluish, green or grey. Because of the chemical 
composition this glass absorbs a significant percentage of the sun's radiant energy, thus 
reducing the build-up of heat within the building, glare and brightness in the room is 
reduced because of the colour and lower light transmission. This type of glass is suitable 
for glazing in office, buildings, schools and hospitals. . 
7.9.2.8 TEMPERED PLATE GLASS 
Tempered plate glass is three to five times as strong as regular plate glass of same 
thickness and area in resisting compressive forces and fracture due to strain or thermal 
shock. Re-heating and suddenly cooling plate glass make it shock resistant. As a result 
outer surfaces are under high compressive stress while the central portion remains in 
tension. This produces a condition i.e. highly resistant to breakage. Tempered plate glass 
is used for swinging doors, sliding patio doors, windows in gymnasium and sports arenas, 
hockey rinks enclosures. 
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7.9.2.9 VITREOUS COLOURED PLATE 
Polished plate glass can be heat strengthened and coated on one side with vitreous 
colour which is fire fused to the surface. The result is an opaque glass which is widely 
used in curtain wall construction, store fronts, show rooms, laboratories and industrial 
buildings but it should not be used as a glazing material but instead, should be applied 
against backup of masonry or have some type of insulative backing. 
7.9.2.10 LAMINATED SAFETY GLASS 
Laminated safety glass is made of two thicknesses of plate or sheet glass bonded 
by a thin, tough layer of poly vinyl butyl resin, a transparent plastic. This type of glass has 
been widely used in automotive industry and the transportation industry for many years 
and is now finding some uses in the building industry. 
Various types of glass and their uses are given in following Table-7.2 . 
Type of glass 
Plate Glass 
Float Glass 
Reflective Glass 
Frosted Glass 
Cathedral and 
figured rolled glass 
Wired Glass 
Heat absorbing 
plate Glass 
Tampered plate 
Glass 
Laminated safety 
Glass 
Looking glass 
(mirror) 
Possible uses 
Window panes, photo-framing 
Window panes, photo-framing, table glass 
Air conditioned rooms and building 
Operation theatre, industrial buildings or where 
light is needed, black board 
Monumental buildings, cathedrals, mosques 
Where there is likelihood of impact 
Office buildings, schools and hospitals 
diffused 
Swinging doors, sliding patio doors, gymnasium and sports 
arena, hockey rinks 
Automotive industry 
For looking purposes 
Table 7.2 : VARIOUS TYPES OF GLASS AND THEIR USES 
•Windows and doors where cut size glass is to be used should be so dimensioned that 
length and width of cut size should be in multiple of three inches. 
7.10 STONE 
7.10.1 Introduction 
The term stone usually designates blocks or pieces of the basic material rock. It is 
one of the oldest building materials known to Man. Because of its unique characteristics 
stone has been regarded as the preferred material in the construction of permanent 
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building. It was in fact the predominant material used in building built prior to the turn of 
the twentieth century. Today building industry uses stone largely as a facing material or 
flooring material. In some instances it is used in bearing walls of 2 to 3 storey building. 
Stone can be classified according to use in building to the form in which it is available in 
the market. 
(1) Rubble (Field stone) 
(2) Dimension (cut stone) 
(3) Flag stone (flat slab) 
(4) Crushed rock 
Rubble includes the fieldstone, which may merely have been broken into suitable 
sizes, or it may include in regular pieces of stone that have been roughly cut to size. 
Dimension stone makes up the largest portion of the stone used in buildings. It consists of 
pieces that have been cut or finished according to a set of drawing. Flagstone consists of 
thin pieces Vi inch and up which may or may not have had their face dimension cut to 
stone in a particular size. Crushed stone consists of pieces varying in size from l/2inches 
to 6inches and is used to large extent in large concrete construction. 
Despite the abundance of rock in India, relatively few stones satisfy the 
requirement as building stones. The important requirements are 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
Strength 
Hardness 
Machinability 
Durability 
Colour and grain 
Porosity and texture 
Ease of quarrying 
Accessibility 
Many stones satisfy the requirements of strength for most of the purposes. In 
building a compressive strength of 35 N/mm^ is satisfactory, in a few instances good 
shear strength is important. Hardness is a vital importance when stone is to be used in 
floors, steps, walks etc. But hardness does have a bearing on workability. It varies all the 
way from soft sand stone which can be easily scratched to some .stone harder than steel. 
Workability is important since the ease of reducing the required sizes and shapes has a 
direct bearing on the cost. 
Durability is the ability of stone to with stand the effects of rain spray, wind, dust, 
frost action, heat and fire. Durability determines the maintenance free life of stone 
structure. This will vary from about ten to two hundred years. 
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Colour is very important for the standpoint of aesthetics and location but is also partially 
a matter of taste and fashion. Particular grain desirability is important for decorative 
purposes. 
Porosity has a direct bearing on the ability of the stone to with stand frost action 
and the marking and staining caused by the dissolving of some mineral constituents in 
water. 
Texture, the fineness of grain affects workability and therefore cost. Fine textured 
rock splits and dresses more readily than coarse rock. For many ornamental purposes also 
the textures is important. 
The ease of quarrying is prime consideration in judging the suitability of stone or 
building. The bedding and joint plane must be such that the stone dan be produced in 
sizable sound blocks. The rock exposure should be free from closely spaced joints, cracks 
and other lines of weaknesses. Deep and irregular weathering is also undesirable. The 
nearness of the deposit to the surface is also important. Accessibility also affects the cost. 
Transportation over log distances is expensive but in some cases becomes a necessity. 
7.10.2 COMPOSITION 
Rock can be classified according to its composition. Although a great many 
minerals occurs in rock formation, throughout the world, stone usdd in construction 
comes from rock that usually falls into one of three classifications. 
(1) Rock containing mainly silica. 
(2) Rock containing chiefly silicates 
(3) Rock containing calcareous minerals 
The main silica mineral is quartz the most abundant mineral on the earth's surface. 
It is the chief constituent of sand and is found in most clay and in several of building 
stone. 
Silicate minerals include feldspar, hornblende, serpentine and mica. Feldspar is a 
silicate of alumina in combination with lime or potash. 
Depending on the combination colours may be red, pink 
7.10.3 BUILDING STONE 
Stone which do in general satisfy fore going requirements and which arc 
commonly used in building include argellitte, granite, limestone, travertine, marbles, 
serpentine, sand stone and slate. 
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7.10.3.1 GRANITE 
It is of igneous origin composed of quartz, fieldspar, hornblende and mica. It is 
generally very hard stone, durable and capable of taking polish. Its weight varies fro2650 
to3200 kg/m''. Average compressive strength varies from 124 to 275 N/mm^ and water 
absorption from 0.002 to 0.2 percent by weight. Finishes may vary from the rough sawed 
or natural surface mirror smooth polished surface. Colours include red, pink, yellow, 
green, blue, white, black and brown. Granite may be used for a variety of purposes in 
building including flooring, wall-paneling column are mullion-facing stair treads and as 
flag stone. This stone can be applied in a various sizes of like large single slabs suitable 
for paneling and small thin tile for ashlars. 
7.10.3.2 QUARTZITE 
It is made up of grains of quartz, sand, cemented together with silica and usually 
distinguished by its coarse crystalline appearance that is why quartzite is often used 
where a rustic appearance is required. Colours are ivory, tan, red, gray, brown and striated 
buff. Characteristically each stone contains several colors with striated markings. 
Normally it is used in ashlars work commonly 2 to 4-inch thickness, which will cover 
approximately 50-sqr ft/t 
7.10.3.3 LIME STONE 
Lime stone is a sedimentary rock with 3 distinct type described as under: 
(a) OOLITIC 
Oolitic limestone is a calcite cemented calcareous stone formed of shells and shell 
fragments particularly non-crystalline in nature. It has no cleavage lines is usually very 
uniform in composition and structure. 
(b) DOLOMITIC 
Dolomitic type of limestone is rich in magnesium carbonate and some times 
crystalline in character it usually has greater compressive and tensile strength oolitic lime 
stones with greater variety of texture. 
(c) CRYSTALINE 
Crystaline limestone is predominantly composed of calcium carbonate crystals. It 
has high compressive and tensile strength. It has very low in absorption power and has a 
smooth texture. The color is fairly uniform light gray. Limestone may be used, in many 
ways in a building, it includes paneling, ashlars works, window stool, sills coping and 
moldings, etc. 
204 
The weight of limestone varies according to type from 2000 to 2700 icg/m and 
compressive strength from 17 tol9 N/mm .^ The absorption rate is much greater than that 
of granite being as high as 3.5 percent. Colours are generally in pastel shades of buff, 
gray, green, pink and white. Travertine is a sedimentary rock cpmposed of mainly 
calcium carbonate. It has been formed at the earth surface through the evaporation of 
water from hot springs. It is used as an interior decorative stone because of its pleasing 
texture and its tendency to show small natural pockets on a cut surface, 
Marble is an example of a metamorphic rock that has been changed from its 
original structure. In this case limestone and dolomite have been crystallized to form 
marble. The colours of marble range from pure white through all shades of gray to black 
as well as violate red, yellow, pink and green. The great range of colours is due to the 
presence of various oxides of iron, silica, graphite, mica and carbonaceous matter, which 
are scattered through the rock in streaks, blotches or grains. Brecciate marble are made of 
small fragments imbedded in a coloured paste or cementing material. Certain varieties of 
marble deteriorate quite readily when exposed to the weather and are suitable only for 
interior work. Average compressive strength of marble varies from 83 to 145 N/mm^ 
while the weight is in the range of 2950 to 3050 kg /m'^ The absorption rate is in the range 
of0.06to.001 percent. 
7.10.3.4 SERPENTINE 
Serpentine is an igneous rock, which takes its name from the mineral serpentine as 
its chief constituent. The mineral is magnesium silicate olive green to greenish black but 
impurities may give the rock other colours also. It has fine grain, is dense and 
homogeneous in structure and is free from cleavage planes. Some types are prone to 
deterioration due to weathering and are therefore restricted to use interior sheltered 
location. The black serpentine is highly resistant to chemical attack and therefore polished 
surface hold their polish without deterioration. Because of this reason it is useful for 
wainscot work, as it is not discoloured by moisture. 
Sand stone is a class of rock composed of cemented silica grains. The cement may 
be silica iron oxide or clay, the hardness and durability of the particular sand stone 
depends on the cement. Other material such as mica, lime, or fieldspar in addition to silica 
also appears in some of sand stones, resulting in considerable variation in colour and 
texture. Colours include gray, buff, light brown, brown and red. Textures range from very 
fine to very coarse and some are quite porous with as much as 30% of their volume 
composed of pores. Because of their structure sand stone give themselves to textured 
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finishes and a great deal of this type is used for ashlars work. Its weight range from 2250 
to 2650 kg/m^ and compressive strength from 28 to 100 N/mm^ and absorption rate from 
1.5 to 6 percent. 
Slate rock is formed by the material metamorphosis of clays and shale's deposited 
in layers. A unique characteristic of the rock is the relative ease with which it may be 
separated in to thin tough sheets called slates, of thickness l\4 inch. Slates are black, 
green, gray, red or purple. In some cases the colour change after long exposure. Slate is 
commonly used for flooring, windowsills and stools, stair treads, riser and facing. It has a 
weight of 2900 kg/m^ an average compressive strength is 160 N/mm^ and absorption rate 
is 0.01 to 0.02 percent. 
Depending on the combination, colors may be red pink; hornblend is a silicate of 
alumina with lime or iron. It is a strong tough mineral appearing in green, brown, and 
black crystals mica is mainly silicate of alumina but may be in combination with other 
minerals such as iron or potash. It appears in soft usually clear crystals that split easily 
into flat flakes. Serpentine is, a silicate of magnisia appears often in combination with 
lime, it is a light green or yellow and has no defined plains along which it splits readily. 
The calcareous minerals which include calcite, which is basically carbonate of lime and 
dolomite which is a carbonate of lime in combination with varying amounts of magnesia. 
7.10.3.5 ARGELLITE 
As the name implies it is an argellaceous rock. One formed from clay. It is 
metamorphosed thus differs from shale. It also differs from slate in respect of no well-
defmed cleavage lines. It is commonly dark blue, gray with faint shades of green. Among 
the common uses of argellite stone are floor tile, stair treads, coping stones, interior wall 
base, interior window stools, and exterior windowsills. 
7.10.4 PURCHASE OF STONE 
Purchasing of stone for building purposes needs long experience in purchasing, 
construction and maintenance of stonework. Purchaser himself should do thorough study 
on various types of defects commonly found in stones along with relevant IS codes. 
Building stone, in general should satisfy, recommendations of 15:1706:1972 
,IS:1125:1974 ,IS:1126:1974 .A summary of common uses of building stone found in 
India is given in Table-7.3. 
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S.No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
Uses 
Road metal, 
rubble masonry, 
foundation 
In preparing 
glazier's putty 
as colouring 
material, in 
manufacture of 
Portland cement 
Street paving 
rough stone 
masonry work 
Steps, sills, 
facing work, 
walls, bridge 
piers, columns, 
road metals, 
bullast etc. It is 
unsuitable for 
carving. 
Road metal, 
manufacture of 
hydraulic lime 
etc. 
Building stone, 
road metal, 
rough stone 
masonry work 
etc. 
Floors, steps, 
walls, road 
metal, 
manufactureof 
lime in blast 
Qualities (Class*) 
Hard and tough, difficult 
to work, specific gravity 3 
and compressive strength 
1500-1800 kg./cm.^(l) 
Pure white, lime stone, 
soft and easy to form 
powder (S) 
Splits into thin slabs, easy 
to work, specific gravity 
2.69 and compressive 
strength 2100 kg/.cm.^  
(M) 
Hard durable and available 
in different colours, highly 
resistant to natural forces, 
can take nice policy. Its 
specific gravity varies 
from 2.6 to 2.7 and 
compressive strength 
varies from770 to 1300 
kg/cm^(l) 
Impure limestone (S) 
Porous and spongy 
structure; easily quaried in 
blocks; contains high 
percentage of oxide of 
iron; available in different 
colours. Its compressive 
strength varies from 18 to 
32 kg/cm^ (S) 
Consists of carbonate of 
lime; easy to work. Its 
specific gravity varies 
from 2.0 to 2.75 and 
compressive strength is 
Stone 
Basalt and 
trap rock, 
rhyolite 
Chalk 
Gneiss 
Granite 
Kankar 
(Concretio 
n) 
Laterite 
Lime stone 
Localities 
Maharashtra, Bihar, 
Gujarat, W.B., 
M.P., Rajasthan 
Very little 
occurrence 
A.p., T.N., Orissa, 
Kerala, Rajasthan, 
Karnataka, Bihar, 
A.P., Maharashtra, 
WJB., Gujrat 
A.P., T.N, 
Karnataka, 
Kashmir, M.P., 
Punjab, U.P, 
Rajasthan, 
Maharashtra, 
Assam, Bengal, 
Bihar, Orissa, 
Kerala & Gujarat . 
North & Central 
India (Alluviam 
Part) 
Bihar, Orissa, 
Karnataka, M.P., 
Maharashtra,Kerala 
, A.P. & T.N. 
Maharashtra, 
Rajasthan, Punjab, 
Gujarat, Andman 
Island, Bengal, 
Bih^r, A.P., H.P., 
207 
8. 
9 
10 
I! 
12 
furnaces, etc. 
Flooring, facing 
work, columns, 
steps, 
ornamental 
work etc. It can 
take nice polish. 
It can easily be 
sawn and 
carved. 
Blindage for 
metal road, for 
fancy paths and 
garden walls 
Retaining walls, 
road metal, 
concrete 
aggregate, 
pitching, rubble 
masonry, facing 
of building etc. 
Steps facing 
work, columns 
flooring, walls, 
road, metal 
ornamental 
carving etc. 
Roofing work, 
sills, damp 
proof coarses, 
etc. 
550 kg/cm' (S) 
Can take good polich and 
available in different 
colours. Its special gravity 
is 2.65 and compressive 
strength is 720 kg/cm^ (M) 
Decomposed laterite, deep 
brown or red in colour 
(M,S) 
Hard, brittle, crystalline 
and compact; difficult to 
work and dress (M) 
Consists of quartz and 
other minerals, easy to 
work and dress and 
available in different 
colours. Its specific 
gravity varies from 2.65 to 
2.95 and compressive 
strength is 650 kg/cm^ (S) 
Black colour and splits 
along natural bedding 
planes; non-absorbent. Its 
special gravity is 2.89 and 
compressive strength 
varies from 770 to 2110 
kg/cm^ (M) 
Marble 
Murum 
Quartzite 
Sand stone 
Slate 
M.P. &U.P. 
Rajasthan, 
Maharashtra, 
Gujarat, A.P., 
Mysore, M.P & 
U.P. 
Bihar, Orissa, 
Karnataka, M.P., 
Maharashtra, 
Kerala, A.P. & 
T.N. 
Bengal, H.P, A.P., 
U.P., T.N., 
Kamataka, Gujarat, 
Punjab and 
Reyasthan 
A.p., M.P., Punjab, 
Rajasthan, 
Maharashtra, 
Gujarat, Andman 
Island, Bengal, 
Biliar, H.P., J&K,& 
U.P. 
U.P., M.P., Bihar, 
T.N., Rajasthan, &. 
Kai'nataka 
I (Igneous), S (Sedimentary), M (Metamorphic) 
Table 7.3 : COMMON USES OF BUILDING STONES OF INDIA 
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7.11 BUILDING MATERIAL 
7.11.1 INTRODUCTION 
In every type of construction building material is used. In masonry construction 
we use three type of natural occurring material like sand, fine aggregate and coarse 
aggregate. Sand and fine aggregate are used as such queried from the banks of river while 
coarse aggregate is obtained after crushing the stone. This crushing does not produce any 
chemical change only size is reduced. Therefore physical and chemical qualities of 
aggregate depend on quality of stone rubble. In following text technical as well as 
purchasing aspects of building material have been discussed in detail. 
7.11.2 SAND 
Sand is one of the ingredients of mortar, which is extensively used right from 
making base of footing to plaster of wall. Particle size and purity of sand has considerable 
effect on the strength and cost of mortar. Type of the sand to be purchased depends on use 
of the sand. Bigger is the particle higher will be strength and costlier will be the sand. 
7.11.2.1 SOURCES OF SAND 
Sand particles consist of small grains of silica (Si02). It is formed by the 
decomposition of sandstone by weathering process. Basically there are three sources of 
sand viz. pit, river and sea. 
(a) PIT SAND 
This sand is usually found on the sites located near the river at Very shallow depth. 
This sand is obtained by forming pits into soils and the pit sand is obtained from a depth 
of about 1 m to 2 m from ground level. Pit sand consists of sharp angular grains, which 
are free from salts. It is possible that pit sand may contain considerable amount of silt. It 
can be safely used for base concrete of footing, soling, sub base of floors and brick work 
of mildly loaded load bearing walls. 
(b) RIVER SAND 
This sand is obtained from banks or beds of rivers. River sand consists of fine 
rounded grains. Colour and particle size of river sand decides its quality. River is usually 
clean so it is widely used for all building purposes. Sand is often designated by the name 
of place from where it was procured. There is no substitute for experience in determining 
performance of sand. In normal construction work, it is not advisable to divorce existing 
practice completely. However, sand has to fulfil certain requirement. So the blending of 
sand from different sources is an optional solution to the problem. 
Sand should fulfil requirements of IS: 2116-1980. 
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The impurities should not exceed five percent by mass. The fineness modulus 
should range 2.95 to 1.15. One should try for well-graded particle distribution. On the 
basis of particle size, sand can be classified as given in Table-7.4 
Particle Size in mm 
0.075 to 0.425 
0.425 to 0.75 
2.00 to 4.75 
Type of sand 
Fine sand 
Medium sand 
Coarse sand 
Table-7.4 : GRADING OF SAND 
Specific gravity of sand ranges from 2.55 to 2.65 and truckloads of 160, 200 and 
300 ft^ or 4.5, 6 and lOm" are available depending upon size of truck. The particle size 
grading should conform 1S:2386 (Part 1 & 111) 1963. 
For performance test, 1: 6 cement mortar cubes should be tested as per IS: 2250-
1965. Strength should not be less than 30kg/cm^ or 3N/mm^ after 28 days. The buyer 
should ask supplier for the name of quarry or locality also, 
(c) SEA SAND 
Sea sand is obtained from seashores. Sea sand contains salts. These sands attract 
moisture from the atmosphere. Such absorption causes dampness, efflorescence, and 
disintegration of work. Sea sand also retards the setting action of cement. Due to all such 
reasons it is the general rule to avoid the use of sea sand for Engineering. Purposes. 
7.11.2.2 BULKING OF SAND 
Presence of moisture increases the volume of sand. This is due to the fact that 
moisture causes film of water around sand particles, which results in the increase of 
volume of sand. 
For moisture content of about 5 to 8 percent this increase of volume may be as 
much as 20 to 40 percent depending upon the grading of the sand. The finer the material 
the more will be the increase in volume for a given moisture content. This phenomenon is 
known as bulking of sand. 
When water is added, amount of bulking of sand increases. Thus the dry sand and 
the sand completely flooded with water have practically the same volume. 
Thus in purchasing the sand one should select a truck in which either water is dripping 
from the body or sand is completely dry. This can be judged by introducing hand inside 
the sand mass. 
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7.11.2.3 TESTS FOR SAND 
Following test may be carried out to ascertain tlie properties of sand: 
(1) Sand is taken from a heap and it is rubbed against the fingers. If fingers are 
stained it indicates that sand contains earthy matter. 
(2) A glass of water is taken and some quantity of sand is placed in it. It is then 
vigorously shaken and allowed to settle. If silt is present in sand its distinct 
layer is formed at top of sand. 
(3) For detecting the presence of organic impurities in sand solution of NaOH 
(Caustic Soda) is added to sand and it is stirred. If colour of solution changes 
to brown it indicates the presence of organic matter. 
(4) For presence of salt, sand should be tasted. 
7.11.3 FINE AND COARSE AGGREGATE - TECHNICAL FEATURES 
Good quality and well-graded particle distribution of aggregate affects the cost 
and durability of concrete. Atmospheric gases easily react upon presence of limestone in 
aggregate. In the concrete poor particle size distribution leaves void in concrete in turn 
reducing strength and allowing passage to harmful gases and salts to reach the interior of 
concrete and thus cause its disintegration. Large differences in size and density of 
particles sometime, causes segregation of concrete during concreting. 
The aggregates should not have glossy surface, as it is indication of mica with 
which cement docs not make bond. The stone used for aggregate should not be soft, 
porous and flaky. Round pebbles are preferable to angular ballast as round pebbles are 
already weathered and makes concrete more workable. Experience has shown rounded 
aggregated saves 1 cum of cement, 2 cum of fine aggregate and 1 k litre of water per 100 
cum of concrete. The coarse and fine aggregate may be coated or mixed with clay and 
fine silt. These impurities prevent the contact between cement and aggregate and should 
not be allowed to occur beyond 4% for natural sand and 1% for coarse aggregate and such 
deleterious material should be determined as per IS: 2386 (Part II) 1963. 
7.11.3.1 PARTICLE SHAPE 
The presence of flake or flaky particles are objectionable as it decreases the 
workability of concrete and needs more fine aggregate with consequent increase in 
cement and water. Fineness, flaking index, elongation index and angularity number 
should be determined as per IS: 2386 (Part-I) 1963. 
In general, aggregates are inert substances but some of them have a chemical 
action with the alkalis. This substance may form an ingredient of many other aggregates 
and may cause expansion and rapid deterioration. On this account other substances which 
act similarly are schists, selenite, rocks containing olivine and decomposed feldspar, 
2i: 
zeolite materials etc. to eliminate this defect the alkali (Na20 or K2O) in cement should be 
limited to 0.5% as per IS: 2386 (Part VII) - 1963. 
The presence of Mica in the aggregates is also injurious because of its soft 
laminated and absorptive character. It disintegrates along cleavage planes quickly. It lies 
as a loose material inside concrete and being flaky causes the surface to dust and peel. 
Petrographic examination of aggregate should be done as per IS: 2386 (Part VIII). 
7.11.4 PURCHASE OF BUILDING MATERIAL 
Every city has building material market usually at the out skirts of city on the road 
coming from quarry. The building material market is basically governed by demand and 
supplies relationship and is unstable market. 
Any purchase is guided by right quality, right price at right time. Right quality can 
be determined by preceding discussion. 
Material can be purchased directly from market or through supplier. 
7.11.4.1 THE SUPPLIER 
So many suppliers are found visiting the site but authors experience is; majority of 
them are not reliable. If one finds a reasonable supplier then there is no harm in 
purchasing from him. Now question comes regarding fixation of rate. Since rate of 
building material changes very frequently therefore purchaser himself should be always 
aware of prevailing rates in the market. 
In market trucks are not loaded to their full capacity therefore it will increase 
number of trucks purchased in turn it will increase attendant cost of the material which is 
not the case with supplier. He tries to bring maximum material in his truck to maximize 
his amount of profit per truck. 
Quantity is measured by volume or by weight or by truckload as a whole. Sand 
and fine aggregate( Badarpur) are sold as a truck load. 
In purchasing by truck load one should climb on truck body and observe whole 
length and width of truck. Comparing width of body with respect to wheel distances can 
have rough idea of width of material contained in the truck .An appreciable difference in 
wheel distance and body is a pointer of dishonesty. Length of body can be judged by 
counting panels and rough height of material can be judged by comparing height of Dala 
and looseness or compactness of the material can be judged by putting hand in the heap. 
Height of the material should be judged with utmost care as it has maximum influence on 
volume calculation. Now a rough idea of volume of the material can be had and 
negotiation can be done. Fine and coarse aggregate are sold by weight, by volume and by 
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truckload. However there is no substitute for the experience in purchasing of building 
material. 
7.11.4.2 MEASUREMENT OF QUANTITY BY WEIGHT 
If practice of selling building material by weight is prevalent in the market then it 
is best way to purchase. If this practice is not in use then one should pursue at least one 
supplier to sell by weight. Since there is variation in bulk density of the fine and coarse 
aggregate therefore, bulk density at site should be calculated after taking sample from the 
retail dealer. This density can be used for calculating the volume of aggregate which is 
necessary for comparison purpose. By experience scholar has found the bulk density 
comes around 40 kg per cubic foot for coarse aggregate. 
7.11.4.3 MEASUREMENT OF QUANTITY BY VOLUME 
There is no harm in purchasing coarse aggregate by volume but two factors, 
deduction for raised floor over the tyres and consideration for compaction should 
be considered. In coming from crusher to market, the height of aggregate mass is 
reduced thus the measurement of depth should be increased by 1 inch to account 
for the compaction, usually not done if deductions for raised floor is not made. 
The usual practice to calculate volume is by measuring length, width and depth. 
The measurement of depth is the most critical dimension. So first step is to get the 
material leveled by own labour and level should be marked at different places. Depth at 
various points should be measured and mean should be taken after emptying the truck. 
There is corrupt practice to raise the height of material near walls in India. 
7.11.4 .4 TRUCK LOAD 
In purchasing coarse aggregate by truckload, customer is always a looser, the 
reason is very simple seller very well knows the quantity of material the truck contains. 
For purchaser it is difficult to assess the volume because he cannot measure depth unless 
truck is unloaded. Truckload purchasing should be avoided as far as possible. 
7.11.4.5 TIMING OF PURCHASING 
One should avoid purchasing on Sundays and holidays. On these days buyers are 
more or one should not purchase on a day on which arrival of material is poor. 
Market condition can be very well judged by counting number of heaps of 
unloaded truck lying in the market. Now seller does mixing of lower rate aggregate i.e. '/j 
inch aggregate in VA inch aggregate. Usually VA inch aggregate is Re-1 per cubic foot 
costlier than '/z inch aggregate. 
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In reloading suppliers take advantage of un-compacted aggregate. It is really very 
difficult for buyer to judge whether truck is reloaded or not. 
If Construction Company has its own truck then the best way is to purchase the 
material directly from quarry. It eliminates all types of confusion and buyer gets 
aggregate of his own choice. It is better to make record of purchasing activity in 
following format. 
Date: Month Weather 
Day 
Special occasion 
Material Type of Rock 
Quality 
Query 
Dimension Length (1) Bredth (b) Height (h) 
Volume or Weight 
Rate 
Amount 
7.12 CEMENT 
7.12.1 INTRODUCTION 
Cements have been known and used for at least for lasf two thousand years. 
Roman obtained pozzuoiana, which is volcanic, powder found in Italy near Vesuvius. It 
resembles 'Surkhi' which is prepared by grinding bricks bats. The ruins of Rome attests 
today the durability of mortar, their mortar was formed by mixing slaked lime and 
volcanic ore containing silica. 
Today there is no dearth of cement in the Indian market. The time has gone when 
cement was a scarce commodity. Today it really becomes difficult to select right brand of 
cement for particular work. 
7.12.2 TECHNICAL FEATURES 
Today broadly two types of cement are freely available in the market. 
(1) Ordinary Port Land Cement (OPC) 
(2) Pozzolana Portland cement (PPC) 
There is no dearth of literature and code recommendation on each and every type 
of cement but our focal point is to select cement, which is cheap and best and second to 
none in strength and performance. 
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In India, ordinary Portland cement is available in 33, 43 and 53 grade. These 
grades of cement are not different chemically in anyway. All these are produced from 
same clinker, only grinding level is different, more grinding time or degree of fineness 
makes it different. Higher-grade cement is finer to lower grade. 
Today 33-grade cement is scarcely available as lowest grade produced by modern 
plants is 43grade due to improved grinding technology. 
43grade cement is suitable for all types of work. 53grade cement has initially 
more strength than 43 grade but heat of hydration is more and costlier than 43 grade .So 
53 grade should be used for thin members, one has a notion that use of higher grade 
cement reduces cement consumption. It is not true as water consumption is not lower 
because of workability reason. Thus producing less durable structure. 
The use of high-grade cement should not be taken for granted to give high 
strength concrete as strength depends on proportion of cement, fine aggregate, coarse 
aggregate and water in the mix. In fact grade of cement has no relationship to the strength 
of concrete. By using a particular grade of cement, concrete of different strength can be 
obtained as done in the west by using ASTM tjpel cement. Thus increase in grade of 
cement does not reflect increase in the quality of cement. Cement, which gives strength, 
durability and cheap will be called as a good cement. 
The higher is the percentage of binder i.e. TCS, higher is the strength of concrete, 
after a certain period, all grades give the same strength, the advantage in using, higher 
grade cement is, quicker rate of gain of strength during the infancy period of hardening 
i.e. initial two or three weeks but it is accompanied b\ higher heat evolution, more 
shrinkage and lower senile strength, such cement can be used for structures like partitions 
of almirah, sub base of floor or any place where harsh mix is needed. 
Use of higher-grade cement for serious structures is not desirable at all but 
unfortunately cement industries are switching over to higher grades of cement except 
Associated Cement Companies Ltd. (ACC) and consumer is trapped in aggressive 
marketing technique while we definitely know that such concrete will be less durable and 
poor in quality. 
PPC or Po22olana cement is chemically resistant, has low heat evolution and rate 
of development of strength is slower but ultimate strength is same. PPC is always cheaper 
than OPC by Rs.5/-. This cement should not be used in slabs as stripping time of 
shuttering is more so whatever was saved in cement is set off by shuttering costs. 
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The latest type of PPC is fly ash based cement in which approximately 20% 
cement has been replaced by fly ash. This cement is dark in colour. It is a myth that dark 
colour cement has better strength. This cement is however not suitable for decorative 
finish. 
7.12.3 PURCHASE OF CEMENT 
There are varieties of cement available in the market suitable for specific 
purposes. There are so many tests recommended for the cement but it will not be 
practically possible to conduct these tests on all brands of cement available in the market. 
So the solution to this problem is, in asking for test report sent by the company to the 
C&F agent with the consignments. Such reports are valuable guide for the study of 
technical aspects of cement available and consistency of quality. Cement purchase, 
should be done directly from C&F agent to get fresh cement. On going through test 
reports of different months one can very well judge the consistdncy of the quality 
maintained by the company. A company, which maintains quality, should always be 
selected as variation in quality in different batches is not a good sign. 
The second aspect of purchase is quantity of cement in a bag. Ideally speaking the 
ex-factory weight is 50 kg but hardly consumer receives this weight due to loss in loading 
and unloading. 
The third thing is dealing and co-operative attitude of dealer in dispatching the 
cement and receiving the payment. Fourth and final step is price of the cement. 
Keeping all in view the brand and dealer should be selected and order should be 
placed. 
7. 13 CERAMICS 
7.13.1 INTRODUCTION 
In everyday life we come across the word ceramic, which have been produced for 
centuries. In beginning ceramic articles were produced from naturally found raw 
materials. Early civilization noticed that clay minerals became plastic when water was 
added and could be moulded into desired shapes. The article could be dried in sun and 
hardened in a high temperature fire. The word ceramic comes from the Greek wcrd 
keramos, which means a burnt stuff. 
A man who has not done in depth study of ceramics has notion that ceramic has 
property opposite of metal i.e. poor conductor of heat and electricity. But such notion is 
not true as there are intermediate compounds, which have some characteristics typical to, 
ceramic and some typical of metal. 
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Today ceramics can be classified into two broad categories viz. Traditional 
ceramics which uses traditional raw material and modern ceramics uses newly discovered 
refined materials as shown in Table 7.5 and 7.6 
1 
2 
3 
4 
5 
Abrasive Products 
Construction 
Glass 
Refractories 
White wares 
Grinding wheels, abrasives, milling media, sand 
blast nozzles, sand paper 
Brick, block, plaster, concrete, tile, glass, fibre glass 
Too many to list 
Enamel brick, castables, cements, crucibles, molds 
Dishes, plumbing fixtures, tiles, enamels 
TABLE 7.5 : TRADITIONAL CERAMICS 
1 
2 
3 
4 
5 
6 
7 
Aerospace 
automotives 
Electronics 
High Temperature 
structure 
Medical 
Nuclear 
Technical 
Miscellaneous 
Radomes, Re-entry, turbine component, emission 
control heat exchangers. 
Dielectrics, heating elements, igniters, insulators, 
hermetic seals, semi conductors, substrates 
Advance refractory, braze fixtures, kiln furniture 
Prosthetics, controls 
Fuels, controls 
Laboratory ware 
Armour, cutting tools, fibre optics, glass ceramics, 
single crystals, and wear resistant cortiponents. 
TABLE 7.6 : MODERN CERAMICS OF TODAY 
7. 13.2 RAW MATERIAL 
The nature and qrality of raw material has significant effect on the service 
-properties of a ceramic product. Inherent chemical and physical properties, puiity, particle 
size distribution, reactivity, polymorphic and lastly most important is cost must be 
considered in designing ceramic component and should be controlled during 
manufacturing process with utmost care. 
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Many of raw material used in early period is still being used today and they form 
the ceramic industry. Clay minerals include kaolinite [Al2(Si2 05) (0H)4], halloysite 
[Al2(Si205)(OH),.2H2 0], pyrophyllite [Al2(Si205)2(OH)2] and montmorillonite (Ahe? 
(Na, Mg)o 33(81205)2 (0H)2]. All are secondary in their origin, formed by weathering of 
igneous rock under the influence of water, dissolved CO2 and organic acid. The major 
deposits were formed when feldspar (KAISisOg) was deposited in lakebeds after erosion 
of rocks such as granite and then transformed into clay. 
This clay on addition of water provides bond and workability, so important in the 
fabrication of pottery, dinnerware, brick, tile and pipe. Thus, importance of clay in 
ceramics needs not to be overemphasised. 
Silica is a major ingredient in glass, glazes, enamels, refractories, abrasives and 
white wares. The major source of silica is polymorphic form of the quartz, which is 
primary constituent of sand, sand stone and quartzite. 
Feldspar is widely used in glass, pottery, enamel and other ceramic products. It 
ranges in composition from KAISi308 to NaAlSijOg to CaAl2Si20g and act as a flux 
(reduces melting point) in a composition Nepheline syenite (Na2Al2Si208) is used in a 
similar way. 
Other minerals, which form ceramic composition, include talc 
[(Mg3(Si205)2(OH)j)], asbestos [(Mg^lSi^OsXOH),)), Wollastonite (CaSiOa), and 
sillimanite (A^SiOs). 
After selection of pure raw material the next process is grinding of material to a 
desired particle size, as particle size affects the performance of ceramic component. This 
process is called powder sizing. 
After proper sizing, the pre-consolidated powder is ready for moiilding in desired 
shape. There are so many techniques for producing shape depending upon type of ceramic 
component, ofcourse we need binders and lubricants during pressing operation. 
After shape forming the article is dried and then it is exposed to high temperature 
where densification takes place, this process is called sintering in which material gains 
strength without melting. 
Sintering is basically a process of removal of pores between the starling particles, 
combined with growth together and forms strong bond between adjacent particles. This 
process is usually accompanied by shrinkage of component. 
The following conditions must be met for sintering: 
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(1) A mechanism for material transport must be present. 
(2) A source of energy to activate and sustain this material transport must be 
present. 
Diffusion and viscous flow are primary mechanism for transport. Heat is the 
primary source of energy, in conjunction with energy gradient due to particle-particle 
contact and surface tension. 
Although ceramics are in use and densified for centuries but scientific 
understanding and control of sintering has only been understood during last 50 to 60 
years. 
7.13.3 SINTERING PROBLEMS 
A variety of conditions can result in improper sintering and have deleterious effect 
on the material properties. Normally the problem is detected at manufacturing point or 
during quality control inspection, sometimes defects are left undetected and article fails 
prematurely during useful life in the hand of user. This brings bad name to the 
manufacturer. So root cause of the problem must be searched and feasible solution should 
be found quickly. Following sintering defects are very common. 
7.13.3.1 WARPAGE 
Warpage is the result of inadequate support during sintering or from density 
variations in green ware 
7.13.3.2 OVER FIRING 
Over firing is also a common problem in ceramics. It can cause warpage, can react 
with surrounding furnace structures, bloating or excessive grain growth. Excessive grain 
growth cannot be checked by visual inspection, its examination requires reflected light 
microscopy. 
7.13.3.3 BURN OFF OF BINDERS 
Binders are added to give green strength to the ceramics. It is often added to the 
ceramic powder prior to compaction. These are usually organic in nature, thus they can 
leave carbon as residue in the ceramics during sintering, if time, temperature, and 
surrounding atmosphere are not properly controlled. 
7.13.3.4 DECOMPOSITION REACTIONS 
If salts are present or added in ceramic raw material then these salts must be 
oxidised in early stage and should react with other constituents to form the desired final 
composition otherwise this salt can damage the article by gas evolution at later stage of 
sintering 
219 
7.13.3.5 POLYMORPHIC TRANSFORMATION 
Polymorphic transformation occurs during cooling process. After sintering, 
original particles are solidly bonded to adjacent grains and are restrained and more over 
they are randomly oriented. 
Now when article goes through the transformation temperature^ the grains are not 
free to move. Internal stresses of higher magnitude result at the gr i^n boundaries and 
many cracks are pronounced, thus significantly weakening the material. Such problem 
occurs when there is sudden volume change during sintering. Quartz aild cristobalite form 
of Si02 have displacive transformation accompanied by substantial volL|me change. 
7.13.4 DESIGN AND QUALITY CONTROL 
In designing any ceramic component so many factors like load, temperature, 
thermal shock, impact, surface finish, service life cost, and economics of scale are 
considered. Paramount importance should be given to critical requirement like thermal 
shock in design of kitchen sink. 
Cost is the most important consideration and should be evaluated simultaneously 
with other factors such as property fabrication and reliability requirements. Project 
engineer should realise that any modification or development of new component as per 
his requirement will be costly at development stages. When product hps been developed 
then exercise for cost optimisation should be done. It will involve project engineer, value 
analyst, ceramic engineer and cost optimization expert. The leader of the team should 
have a long experience in technical intricacies of specific material andl various processes 
involved. 
Quality control is an integral part of any manulacturing process so is with the 
I 
ceramics also. Quality control is determined by criticality of applice t^ion. Most of the 
application require material and method of manufacture specificatior^ , some critical or 
I 
demanding applications require destructive sampling, proof testing cjr non destructive 
inspection. If sanitary ware is to be purchased in huge quantity the project engineer 
should visit the manufacturer's plant and he himself should inspect each and every stage 
of manufacturing. 
7.13.5 SANITARY FIXTURES 
The selection of sanitary fixture depends on so many parameters like type of 
house viz. low cost houses or luxury apartments, availability of water, cost of sanitary 
ware itself 
220 
7.13.5.1 WASH BASIN 
There are three types of washbasin available in the market viz; stainless steel, 
vitreous enamelled steel and vitreous china washbasin. However vitreous china is most 
popular type today in India. There are standard as well as local companies in the market 
different sizes of wash basin as per IS: 2556 (part IV) 1972 are as given in Table- 7.7 
Type 
Flat Back 
Angle Back 
Size in mm 
660 X 460 
630x450 
550 X 400 
450x300 
600 x 480 
400 X 400 
TABLE -7.7 SIZES OF WASH BASIN 
However washbasin of any size and shape can be made depending upon 
agreement between manufacturer and user. There are two qualities available in market. 
One is called standard and another is called commercial or second quality, Pieces of 
second quality is cheaper. It is the wisdom of buyer to select those pieces, which serves 
his purpose. For quality control at manufacturing point sampling should be done as per 
IS: 9140-1979. As a general requirement appliances should satisfy the specillcalion laid 
down in IS: 771 (Part-I)-1979 i.e. egg shell finish, dust crazing, warping, unglazed 
patches & fire crack should not exceed beyond the specified limit. 
7.13.5.2 KITCHEN SINK 
There are three types of kitchen sink being used in India. First is of cheaper 
stainless steel sheet; which is cheapest around Rs.550/- second is made up of granite 
stone fabricated by stone craftsmen and costs around Rs.700/- and lastly sink of vitreous 
china. 
Vitreous China sink is costliest sink. It costs around Rs.l600/- the reason is very 
simple kitchen sink are subjected to thermal shock. It is not freely available. All sanitary 
vitreous china sink should conform to specification laid down in IS: 771 (Part-1)-1979. 
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7.13.5.3 SQUATING PAN 
Squatting pan manufacturing industry is a rising industry in India as population is 
replacing conservancy type toilets by squatting pan seats. There are three types of seats 
available in India, first one is Indian type, means top of the seat almost flushing with floor 
of the bathroom. The second type of seat which is western type or English type and a 
third type is Anglo Indian type which is combination of Indian and western type. 
Anglo Indian type has been designed with a view that it will serve or have good of 
Indian and western seat both but scholar feels that Anglo Indian or universal water closet 
seat has disadvantages of both Indian and western. Thus this seat should not be 
recommended. 
However, Indian society is passing through a social transformation stage and 
society is in transition. So if possible and the bath room is roomy enough, both type of 
seats, Indian as well as English or American should be provided. In India wash down 
water closet or western seat is manufactured in only one size. However various sizes and 
shapes are available in Indian type as given in Table -7.8 
Pattern of Pan 
Long 
Orissa 
(Foot rest as part of seat) 
Rural 
Size in mm 
630x580 
630x450 
580 X 440 
424 X 
I Table 7.8 : VARIOUS SIZES OF TOILET SEATS (INDIAN TYPE) 
All vitreous china squatting pan should conform to specific requirement laid down 
in IS: 2556 (Part-Ill) 1981. 
7.13.5.4 FLUSHING DEVICES 
There are so many ways of flushing the dung. Every system needs water in lesser 
or more quantity. Selection of the system depends upon quantity, discharge head and 
storage facility available for water. Conservation of water is of paramount importance. 
Even after seventy-five years of independence, Indian government could not 
provide basic amenities like safe drinking water to their Indian masses. What to talk about 
remote nook and corner of the country, even cities are facing acute water shortage. Few 
systems of flushing are as under. 
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(a) FLUSfflNG BY BUCKET 
This system is very effective at places where there is no running water supply. 
When all the users have used the facility, at the end flushing is done by hand with one 
bucket of water. Thus water is saved through one flushing rather than repetitive flushing. 
(b) FLUSHING BY CISTERN 
Installation of cistern requires space and needs an inlet discharge of Vi inch or 
13mm. It needs filling time for recharging. Installation of cistern needs maintenance of a 
minimum water head, and continuous water supply. 
There are two types of cistern one is high level, which is installed at minimum 
clear height of 1.25 m between pan and cistern. Another is low-level cistern, which is 
installed at clear height of 30 cm between pan and cistern. 
Cistern can be made of cost iron, earthenware, vitreous china, and pressed steel as 
per IS: 774-1984 and plastic body cisterns. Now day's vitreous china and plastic cisterns 
have become popular. Scholar feels that maintenance of plastic body cistern is easier as 
compared to vitreous china. In selecting the brand of the cistern, ease of maintenance and 
availability of spare parts should be the first consideration. It is further advised to 
purchase critical part at the time of cistern purchase. 
There is specification for the thickness of wall of the cistern but in practice the 
simplest way comparing wall thickness is weight of the cistern. For interior accessories of 
cistern either plastic or non-ferrous material should be selected. To make the cistern 
mosquito proof, there should not be any clearance, which will permit to go 1.66 mm thick 
wire. A cistern should discharge at a rate of 5/3 litre per second and should maintain 
flushing force during period of discharge. 
(c) FLUSHING BY HALF ROUND 
It is all most maintenance free system. It needs a storage system of water with 
sufficient head, which can supply 1 inch or 25 mm discharge. It costs around Rs 300.On 
experience, scholar has found, this method is best suited for Indian conditions as it has 
minimum maintenance cost. 
7,13.6 SANITARY WASHER 
Sanitary washer should conform to specification laid down in 18:4346:1982. As 
per IS recommendation a well manufactured washer should serve at least for six months 
but scholar feels this duration should be at least one year. A poor washer quality, leads 
to increase in maintenance cost and loss of water through dripping and causing an 
irritation to user as plumber are not readily available all the times. 
223 
Washer can be made from vulcanise rubber or fibre, hydraulic leather, high-
density polyethylene or neoprene. 
The quality washer should not crack when tap is fully closed and should not 
become hard when placed in hot water of temperature above 45°C. 
7.14 BRICK 
7.14.1 INTRODUCTION 
Brick is one of the oldest building blocks known to man and even manufacturer of 
clay products still follows the same basic procedure of past. In medieval period small, 
thin bricks were used; the reason for making thin small brick was perhaps inavailability of 
hard coke. 
7.14.2 MANUFACTURE OF BRICKS 
Brick should be manufactured as per 18:1077-1976, which recommends modular 
bricks. However modular bricks are not in use in practice in India. The commercial size 
of brick available is 230 x 115 x 70 mm. 
The basic ingredient of brick is clay. The clay should have some specific 
properties. It must have plasticity when mixed with water, so that it can be moulded and 
shaped. It must have sufficient tensile strength to retain its shape after moulding and clay 
particles must fuse together when subjected to sufficiently high temperature. 
Clay occurs in nature in three principal forms, all of which have similar chemical 
composition but different physical characteristics. 
(1) Surfaced Clays 
(2) Shales Clays 
(3) Fire Clays 
Surface clay as the name implies are found near the surface of the earth. They may 
be up thrust of older deposit or of more recent sedimentary formation. Shales are clays, 
which have been subjected to high pressure until they have become relatively hard. Fire 
clays are found at deeper level than other types and usually have more uniform physical 
and chemical qualities. The most important characteristics are their ability to withstand 
high temperature. 
Clays are complex material but they are basically compound of silica and alumina 
with varying amount of metallic oxide and other ingredient. They may be divided into 
two classes depending on basic composition. 
(1) Calcareous Clays 
(2) Non-Calcareous Clays 
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The calcareous clays contains around 15% calcium carbonate and burned to a 
yellowish colour, non-calcareous clays are composed of silicate of alumina with feldspar 
and iron oxide, the oxide contents varying from 2% to 10%. Theses clays burned buff, 
red, salmon, and other colours, depending largely, on the iron oxide content. Too rapid 
drying of non-calcareous clay causes excessive cracking in the brick. 
Burning is a very important stage in manufacture of brick. Burning can be divided 
into six general steps, which are as under. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
Water Smoking 
Dehydration 
Oxidation 
Vitrification 
Flashing 
Cooling 
Each step occurs in different temperature zone. Water smoking (evaporation ol' 
free water) takes place at temperature around 200 C°. 
Dehydration of the bricks takes place at a temperature range of 150-1000 C". The 
actual chemical reaction occurs around 550-1000 C and Vitrification takes place in 
temperature range of 800 to 13,00 degree centigrade. 
Near the end of the burning process the brick may be flashed to produce colour 
variation. Injecting natural gas at the appropriate time at appropriate place does this. 
When this extra fuel burns, gives patches and variation in colour are found through out 
the stack of the brick. 
Cooling of the brick takes 48 to 72 hours depending on the type of kiln. It must be 
carefully controlled because the rate of cooling has a direct effect on colour. A too rapid 
cooling can cause cracking and checking of the bricks. This is the basic reason for the 
production of bats in the kiln during winter season. 
7.14.2.1 BRICK TEXTURES 
In American practice textures are applied by attachment, which cut scratch brush 
roll or otherwise roughen the surface. Glazes are sprayed on Hie brick before or after 
burning. Typical ones are ceramic glaze and salt glaze consisting of a solution of sodium 
iron silicate salt glaze, which is transparent so the colour of the brick is presented under 
lustrous glass but in India such bricks, are not made ordinarily. 
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7.14.2.2 CLASSIFICATION OF BRICKS 
There is plenty of literature available on the bricks in the books of building 
material but a concise literature encompassing commercial and technical aspect together 
is missing. Scholar has tried to cover this gap. 
At brick kiln colour and ringing sound are taken a? primary criteria for 
sorting or quality fixation of brick .A brick with copper red colour and ringing sound is 
considered as superior quality and designated as I class or in coomercial jargon as Awwal. 
This category covers a range of brick.Superior or top quality first class or Tez 
Awwal which is best quality brick that can be produced. Next to this, is medium quality I 
class. The lowest first class is known is known as Nabal Awwal. 
Next lower to first class is the range of 11 class brick which is moderately 
sintered, orange coloured, commercially known as Doem. 
The good quality II class brick is called Lai Peti. Sometimes poor quality II class bricks 
get smoked, such smoked brick is called Talsa. These bricks are similar to soling bricks 
as referred in IS code. The blackish colour gives impression of good compressive strength 
but the blackish colour has never been imparted by over sintering. Such bricks have poor 
compressive strength but durable in performance not affected by weather condition. 1 t 
can be fairly used for lightly loaded construction . 
Third class brick is locally known as Peela. Good quality third class brick is 
called Tez Peela commercially. Such bricks have poor compressive strength ,not much 
durable. It can be used in brick footing or interior of any enclosed space where protection 
from water is ensured otherwise it will decay. 
Over burnt bricks have been classified as Straight Over Burnt (SOB),in which 
frog has maintained its shape and slightly over burnt, commercially it is known as Seedha 
Khancha. It has good compressive strength but has poor adherence to mortar. It is used in 
pavement construction. 
Distorted Over Burnt or Terah Khancha brick, has distorted frog and is 
moderately over burnt ,can be used as filler in sub base in submerged condition or it can 
be used for making brick ballast 
Molten bricks are commercially known as Jhammarh. It has one and only one use 
of making brick ballast. 
Bats are known as Addha. Bats arc produced in winters when poorly dried bricks 
are fired. It is used for brick ballast and can also be used in brickwork but it will consume 
more mortar. 
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A classification of brici< lias been tabulated in Table-7.9 and Table-?. 10, which 
can be readily used. 
Type of 
Brick 
I Class 
II Class 
III 
Class 
Straight 
Over 
Burnt 
(Paving 
brick) 
Slightly 
Smoke 
Over 
Burnt 
(Soling 
brick) 
Compressive 
Strength 
kg/cm'^  
>105 
>70 
>35 
>400 
>50 
N/mm' 
>10.5 
>7.0 
>3.5 
>40.0 
>5 
Percentage 
Water 
Absorption 
20 
22 
25 
5 
20 
Relevant 
IS Code 
18:1077-1992 
18:1077-1992 
18:1077-1992 
18:3583-1988 
18:5779-1986 
Possible Uses 
Monumental work, 
Face works. Pointing. 
General brick work 
including load 
bearing walls. 
Interior partitions, 
boundary wall, brick 
footing. 
Protected partition 
with plaster, lightly 
loaded footing. 
Soling, Soak Pit, 
Lightly loaded walls. 
Lightly loaded 
footing in dry soil. 
Brick work for hut in 
mud moartar in dry 
environment. 
Pavement of metal 
roads. Village roads. 
Soling 
Table 7.9 : IS CLASSIFICATION OF BRICKS 
7.14.3 PURCHASE OF BRICKS 
Bricks are ordinarily purchased from the kiln situated on the outskirts of city. Cost 
accounting of brick can be written as under 
(1) Cost of Kiln, Capital and Office Overheads 
(2) Cost of Coal 
(3) Cost of Transport 
(4) Cost of Raw Brick Earth 
(5) Royalty on Brick Earth 
(6) Cost of Labour 
(7) Sales Tax 
(8) Police and Mafia Overheads 
(9) Profit 
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Class of 
Brick 
I Class 
II Class 
III Class 
Straight 
Over Burnt 
Distorted 
Over Burnt 
Molten 
Bricks 
Bats 
Commercial 
Class of 
Brick 
Awwal 
Doem 
Peela 
Seedha 
khancha 
Tedha 
khancha 
Jhammarh or 
Jhanwan 
Addha 
Sub Class 
of Brick 
Superior-I 
Medium-1 
Marginal-I 
Superior-11 
Soling 
brick 
Superior-
Ill 
Marginal-
Ill 
SOB 
DOB 
Commercial 
Sub Class 
Tez Awwal 
Awwal 
Nabal 
Awwal 
Lai Peti 
Talsa 
Tez Peela 
Peela 
Possible Uses 
Monumental work, Face 
works, Pointing. 
General brick work 
including load bearing 
walls. 
Interior partition with 
plaster, boundary wall 
with plaster, brick 
footing. 
Protected partition with 
plaster, lightly loaded 
footing. 
Soling, Soak Pit, Lightly 
loaded walls. 
Lightly loaded footing in 
dry soil. 
Brick work for hut in 
mud mortar in dry 
environment. 
Paving, village roads. 
Filler in submerged soil. 
For making brick ballast 
For making brick ballast. 
For making brick ballast. 
Table-7.10 : COMMERCIAL CLASSIFICATION OF BRICK 
This cost accounting fixes minimum and maximum price range. In purchase of 
brick what we are purchasing is sintered earth. So ultimately the cost of brick should be 
reduced on per tonne basis. There is variation in size from standard size. So the brick 
selected should be heavy in weight with minimum frog of 1 cm and as much possible 
thickness as possible, as frog thickness and depth has multiplier effect on construction 
cost. 
By visiting, on different kilns total information about the brick can be obtained. 
The best time for purchase of brick is rainy season when the kiln is closed. In this season 
we get slow cooled, annealed brick. However there is practice of hedging in purchase of 
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brick in India. Scholar feels hedging should be avoided. The pre-requisite of hedging is 
consistency of quality. In Indian environment when seller har got some amount they 
usually don't adhere to their promise. They start sending poor quality and short number of 
bricks because of simple reason they have got the payment such practice is suitable for 
honest society, not for India. In fixing the deal, buyer should clearly ask about number of 
bricks supplied against specified number. It is usual practice now days to send short 
supply. In purchasing agreement clause of deduction of payment and penalty for short 
supply, inferior quality, not in time supply should be always introduced. 
Measurement of brick size should be done as per 18:1077-1976 .In India trade of 
brick is mostly in hands of rascals, mafia, shrewd business man who don't bother for 
ethics and reputation. They believe that brick selling is one time business. Hardly an 
individual gets an opportunity to construct a 2"'' house in his lifetime. One should be 
always very vigilant while dealing these people. The payment is the only sword which 
buyer has. 
The quality should be judged as per 18:1077-1976 norms. It is obligatory upon 
buyer to keep notion in the mind that brick manufacturer are also part of a valueless 
corrupt society of India. The buyer should not expect very fair and moral valued deal 
from them rather they will never miss any golden opportunity to cheat an innocent 
customer. 
Now let us have a glimpse of corrupt practices prevalent in Aligarh city of Uttar 
Pradesh in India. If 3000 bricks are ordered to a kiln if they send 2900 bricks, thus 
hundred bricks are short per truck per trip if the truck does ten trips a day and there arc 
three trucks then this brings a direct dubious earning of around Rs. 4000/- a day or one 
can say around Rs 1 lakh (Rs. 1,00,000/-) a month.Perhaps this is the reason for the big 
fortune of kiln owners . 
7.15 THE REINFORCING STEEL 
The steel for reinforcing concrete should be so chosen that it could be 
incorporated in the concrete to form the monolithic structure. The steel chosen should be 
of permissible smallest section to have well distributed steel in concrete mass and thus 
avoid concentration of stress. Common forms of reinforcement is round bars but other 
section can also be used e.g. flats, square bars, however adhesion on flats or angle iron is 
less than on round or square bars. Flats are more suitable in case of tanks and pipe etc. as 
they increase the effective thickness of wall. The steel used as a reinforcement is of 
several types e.g. mild steel, medium tensile steel, hard drawn steel, high tension steel and 
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hard drawn steel wires of high strength. These types of steel differ slightly from each in 
chemical composition and in molecular structure. The process of manufacturing however 
differs in each case due to which there behaviour under load is substantially different as 
shown by yield stress and the total strain capacity at failure, the fatigue and impact 
characteristics may also vary from one type to another to sustain the impact without 
breaking. So it is desirable that steel should be able to develop large plastic strain before 
failure. 
Now days deformed bars are commonly used as it has increased resistance to 
slipping between the steel bars and the concrete. The surface of bar is sometime roughen. 
Such bar is known as indented bar. The deformed bar have some type of corrugation or 
projection on their surface which checks their slipping from the concrete. 
The steel used as reinforcement should comply following requirements. 
(1) Chemical Composition 
(2) Mechanical properties 
(3) Freedom from Defect 
(4) Tolerance 
(5) Cold Bend Test 
(6) Workmanship requirement 
7.15.1 CHEMICAL COMPOSITION 
Chemical composition of steel is a broad term but a brief chemical composition of 
steel used in construction is given in Table 7.11 
Percentage of 
different 
Constituent 
Carbon 
Sulphur 
Phosphorus 
Mild Steel 
0.15 
0.06 
0.065 
Medium 
Tensile Steel 
0.25 
0.06 
0.06 
High 
Tensile 
Steel 
0.3 
0.05 
0.06 
Hard Drawn 
Steel 
0.06 
0.06 
Table 7.11 : CHEMICAL COMPOSITION OF REINFORCING STEEL 
7.15.2 MECHANICAL PROPERTIES 
Mechanical properties of reinforcing steel include; tensile strength,yield 
stress.proof stress, ultimate tensile stress, percentage elongation and ease of bending (U 
TEST OR COLD BEND TEST).Mechanical properties of reinforcing steel used at 
construction site in India should be tested with utmost care as per relevant IS Norms. 
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Scholar himself has met with an accident at construction site due to failure of 
steel bar during bending.Various mechanical properties have been listed in Table-7.12, 
7.13, and 7.14 for the ready reference. 
Property 
Ultimate tensile 
stress 
(N/mm )(Min.) 
Ultimate 
Elongation 
(Min.) 
% 
Proof Stress 
(0.2%) (N/mm )^ 
Yield Stress 
(N/mm )^ 
Dia. Ofbar 
All sizes 
Under 10mm 
10 to 25 mm 
over 25 mm 
Up to 25 mm 
25 to 38 mm 
38 to 50 mm 
Mild steel 
420 
160 
200 
240 
— 
— 
— 
— 
Medium 
tensile steel 
580 
140 
180 
220 
~ 
360 
345 
330 
Hard drawn 
550 
75 
440 
— 
— 
— 
steel 
Table-7.12 : MECHANICAL PROPERTIES OF PLAIN BARS 
Type of Steel 
Mild steel 
Medium tensile steel 
High yield strength steel 
SAIL-MA 
Indian Standard 
lS:432(Part 1) 
IS: 1139 
1S:432 (Part 1) 
ISM 139 
IS: 1786 
IS:8500 
Yield stress or 0.2% proof 
stress N/mni^  
260 for bars upto 20mm 
240 for bars over 20 mm 
360 for bars upto 20mm 
345 for bars between 20-
40mm 
330 for bars over 40mm 
415 for bars of all sizes 
500 bars of all sizes 
See Table 7.14 
Table-7.13 : YIELD STRESS OF DIFFERENT TYPES OF STEEL 
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Grade 
SAIL-MA: 300HY 
SAIL-MA: 350HY 
SAIL-MA: 41OHY 
SAIL-MA: 450HY 
Yield stress 
N/iTim^(min.) 
300 
350 
410 
450 
Tensile Strength 
N/mm^(min.) 
440-560 
490-610 
540-660 
570-720 
% Elongation(Min) 
20 
20 
19 
18 
Table-7.14 : MECHANICAL PROPERTIES OF SAIL-MA 
STEEL (STEEL AUTHORITY OF INDIA LTD.) 
7.15.3 FREEDOM FROM DEFECTS 
All finished bars shall be rolled to the dimensions and weights specified or 
required. They shall be sound and free from cracks, surface flaws, laminations, and rough 
jag and imperfect edges. 
7.15.4 TOLERANCE 
The rolling margins should be as follows 
(1) For bars up to and including 10 mm dia; 4% above or below the specified weight 
of bar. 
(2) For bars over 10 mm dia: 2.5% above or below the specified weight. 
7.15.5 COLD BEND TEST 
Bend Tests shall be made on short length of the bar. The test pieces shall not be 
annealed or subjected to any heat treatment before the test. 
7.15.6 WORKMANSHIP 
The steel to be used, as reinforcement should be free from loose mill scale, loose 
rust, oil, and grease, earth or paint as they reduce the adhesion between steel and 
concrete. 
Steel has various uses; structural use is one of them. One should refer to 
IS:7598:1990, SP:14:1976 ,SP:17:1979. .However, a brief description about structural 
steel is being given in Table-7.15 for ready reference. 
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Type of Steel 
(1) Structural Steel 
(a) Mild Steel IS:226 
IS:1977 
IS:2062 
(b) High Tensile Steel 
IS:961 
Reinf. Steel IS:432 (Part I) 
IS:432(PartII)andIS:1566 
IS: 1786 
Available dia of Reinf. Steel 
in (mm) 
Description 
Structural Steel (standard quality) St 42-S 
Structural Steel (ordinary qualiity) St 42-0 and St 32-0 
Structural Steel (Fusion Welding Quality), St 42-W 
(Used) for members subjected to dynamic loadings, 
reversal and fluctuation of stress e.g. crane gantry 
girder, road/rail bridges 
This steel has greater strength and atmospheric 
corrosion resistance. Yield stress =3600 kg/cm^ 
(a) ST 58-HT, used for fabrication without 
welding. 
(b) ST-55 HTW, welding can be employed for 
fabrication. 
Plain mild steel bars and medium tensile steel bars. 
Hard Drawn steel wire fabric. 
High yield strength deformed bars /cold twisted 
bars.(TOR Steel) 
5, 6, 8, 10, 12, 16, 20, 22, 25, 28, 32, 36, 40, 45, 50 
Table-7.15 : TYPE OF STEEL AND RELATED IS CODE FOR THE 
CONSTRUCTION WORK 
Steel has diversified use in engineering practice. The various uses of steel in 
construction is given in Table 7.16. 
Name of Steel 
Mllld Steel 
Medium Carbon Steel 
High Carbon Steel or 
Hard Steel 
Maximum 
percentage of 
carbon 
0.1 
0.25 
0.45 
0.60 
0.75 
0.90 
1.00 
1.10 
Uses 
Motor body, sheet metal, tin plate, etc. 
Boiler plates, structural steel, etc. 
Rails, tyres, etc. 
Hammers, large stamping and pressing dies etc. 
Sledge hammers, springs, stamping dies, etc. 
Miner's drills, smith's tools, stone mason's 
tools, etc. 
Chisels, hammers, saws, wood working tools, 
etc. 
Axes, cutlery, drills, knives, picks, punches, 
etc. 
Tabic 7.16 : VARIOUS USES OF STEEL 
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Sometimes civil engineers are forced to devise a tool for a particular job .Now the 
knowledge of effects caused by different elements in steel becomes essential. A summary 
of cause and effect relationship of various elements is given in Table-7.17 
Element 
Carbon 
Carbon 
Carbon 
Manganese 
Silicon 
Sulphur 
Sulphur 
Phosphorous 
Percentage 
Up to 0.9 
Above 0.9 
Above 1.2 
0.5 to 2.0 
Up to 2.5 
Up to .05 
.05 to 3.0 
Up to .05 
Effects 
Increases hardness, tensile strength and sensitivity to 
heat treatment with corresponding increase in strength 
and hardness. 
Increases hardness and brittleness. 
Causes loss of malleability. 
Imparts strength and brings sensitivity to heat treatment, 
promotes hardness, brings uniformity in internal grain 
structure. 
General effects as caused by manganese. 
Always maintained below this level to retain malleability 
at high temperature otherwise loss of malleability at high 
temperature will happen. 
Improves machinabilty. 
Increases strength and resistance to corrosion, but is 
maintained below this level to retain 
malleability and weldibility at room temperature 
Table 7.17 : CHEMICAL ELEMENTS AND THEIR EFFECT ON THE 
PROPERTIES OF STEEL 
In scholar's opinion; for commercial purposes, steel in India can be grouped in 
five major categories: 
First type of steel are, bars and sections produced by big steel plant like Bhilai 
Steel Plant or plants run by Steel Authority of India Limited (SAIL). These plants 
manufacture quality steel conforming to IS and World Class specification such steels are 
used in heavy structure like steel bridges, heavily loaded column and gantry etc. 
Second type of steel are, produced by rolling mills taking ingot and billet from 
steel plants and roll it in desired section and maintain quality and such steel is suitable for 
small span beams, lightly loaded column. Companies come in this category are Usha 
Martin, Rathi Tor. 
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Third is the Steel bar produced by rolling mills by rolling ingot and billet in 
desired section and hardly bother for quality control such steel is suitable for slabs for 
distribution reinforcement. 
Fourth type of steel bars and sections are produced by re-rolling, after taking 
heavy steel section bars from scrap traders, into thinner sections and there is nothing like 
quality control. Such sections should be used for making grill, door frame (chaukhat) 
steel fabricated items of every day use like stools, cooler stand, clamps for pipe, as 
reinforcement for almirah shelves and man hole cover. 
Fifth category of steel is steel available at scrap traders. Scholar will not hesitate 
in saying that without scrap, civil engineering is perhaps incomplete. Sometimes one is 
forced to go for steel scrap market e.g. purchasing the girder or joist for machine room of 
the lift, purchasing bearing plate for installation of machines. Indirectly steel scrap is very 
much present in our life e.g. fan hooks, thick nails, switchboard boxes etc. Sometime, 
reinforcing bars are also available at very cheap rate in scrap. Use of such steel needs 
judgment, experience, and requirement of structure under consideration. Sometimes very 
small length of bars are needed such bars are hardly available at ironmonger. To obtain 
such steel, the best sources are the shop of an electrical repairing, grill making, and auto 
repairing shops. Such sources are great time and cost savers in India. As Indian markets 
are; far behind as compared to the west, where, there is always a product available in the 
market to fulfil a particular need. 
In purchasing steel, there is malpractice in Indian market of under weighing. At 
most of the shop weight measure of 100 gram is found usually missing on the pretext thai 
such small weight is lost. One should always try lo gel slcel weighed in one shot. 
Numerous small weighing should always be discouraged, as under weighing has a 
multiplier effect. On big project such problem hardly happens as steel is directly 
purchased from the rolling mill through clearing and forwarding (C & F) agent. In such 
deals consignment is accompanied by weighing voucher. However there is no harm if the 
truckload is weight at any Weighing Scale {Dhciram Kama). However a variation of + 50 
kg is permissible in such purchases in India 
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CHAPTER-8 
COST OPTIMIZATION IN HUMAN RESOURCE MANAGEMENT 
8.1 INTRODUCTION 
In any production process labor can be seen as factor of production. Labour, 
whicii constitutes a major portion of construction industry, not only generates income by 
way of payments for services rendered but also consumes tlie output. Tlierefore, basic 
knowledge of labour economics is necessary for the proper utilization, growth and 
development of human resource. 
In cost optimization of human resource our primary concern is the wages paid. 
The wage rate is primarily determined by the forces of demand for and supply of labour 
and tends towards equality in each labour market. The free movement of labour from 
lower wage market ultimately results in a ruling wage rate. This very phenomenon 
optimally allocates labour resources to various occupation, industries and regions in an 
economy. Therefore, it can be said that economics of labour is broadly a set of principles 
of economics, which emphasizes operation of market forces. In India construction labour 
market is not guided by institutional framework. 
8.2 THE LABOUR MARKET 
The concept of labour market has varied interpretations but there is a general 
agreement that it balances the forces of demand and supply in any economic activity. 
Economics of labour market cannot be studied without incorporating behavioural patterns 
of employers and workers. This approach has three significant features. 
(1) The labour market works as a platform for allocating human resources to various 
activities and fixes the price at which such resources are employed. 
(2) The behavioral attitude of employer and worker implies uneven rates of 
adjustment in the market forces, which are specific to an organisation, an 
occupation, and industry or to a region. 
(3) The short run unbalances in the supply and demand forces require an active 
manpower policy to develop a committed labour force for the economic 
development. 
Theoretically demand for and supply of labour simultaneously determine the 
wages and employment of labour but in reality many factors influence the fixation of 
wages and employment. 
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The formal models of labour market can be represented by Fig 8.1. On inspection 
we find that pattern of ciir\e is almost same in all types of markets only slope of the line 
changes. 
8.3 DYNAMICS OF LABOUR MARKET 
In view of Kerr and Clark(1965), labour market vary almost infinitely in structure 
and dynamics. However Reynolds and Lloyd (1978) proposes a labour market model 
incorporating following features. 
(1) Labour demand shifts frequently. 
(2) Labour supply is heterogeneous. 
(3) Labour market information is inadequate. 
(4) Unemployment is normal. 
(5) Labour mobility is limited. 
8.4 DUALISM IN LABOUR MARKET IN INDIA 
In less developed countries like India dual occupation is a common feature. This 
leads to absenteeism e.g. a labourer has to work at his native village otherwise he will 
lose share in family income. Few labourer come to urban labour market in search of 
casual labour to utilize their spare days from farming. This problem is very much 
experienced during harvesting season in month of April and May. The construction 
manager should consider all these factors in his manpower planning. 
8.5 SUPPLY OF LABOUR 
The supply of labour is determined by population, rate of participation of different 
age groups, sexes, educational achievements of different groups, season, working hours, 
availability of employment in the societ\, Let us examine these factors one by one. 
' 3 1 
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Quantity of Labour 
(A) Many Buyers and Many Sellers 
(Competition) 
''2 MR 1 , 
Quantity of Labour 
(B) One Seller and Many Buyers 
(Monopoly) 
MC MC 
•V °1 > c , 
Quantity of Labour 
(C) One Buyer and Many Sellers 
(Monopsony) 
q3 q1 
Quantity of Labour 
(D) One Buyer and One Seller 
(Bilateral Monopoly) 
Fig 8 1 Wage and labour supply relationship in vanous types of market 
The model is produced in Fig. 8.2. This model clearly shows that ultimate cause 
for demand for labour is demand for goods and services in the economy while the 
ultimate source of labour are a family whose member is not in labour force. 
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Manpower 
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,0° \ \ 
Production 
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for goods 
Fig 8.2 Flow and stock of workmen and job 
8.5.1 PARTICIPATION RATE 
The participation rate can be defined as the proportion of economically active 
population to the population in the age group of 14 to 60 years. By observing age of 
working group, state of economy of any society can be judged, as the economy advances, 
participation of children, teenaged youth and elderly person decline, the reason is very 
simple children and youth get opportunity for additional schooling and higher education 
respectively. Elderly persons get opportunity to accumulate assets during their active 
working lives to fulfill their post retirement requirements. 
8.5.2 HOURS OF WORK AND WORKER EFFORT 
Every family usually performs two types of economic activity one for their 
household purposes and another economic activity, which they market. The activity, 
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which is marketed, can be called as gainful employment. The decision about allocation 
time between two types of work is taken at the level of individual household. 
8.6 WAGES DETERMINATION 
Wage fixation had been a problem for the managers and state both. At micro level, 
institutional and market variables determine the terms and condition of employment. In 
entire labour economics the wages is the most critical issue. Adequacy of wages is an 
everyday problem for managers. To deal with this problem, one needs thorough insight in 
wage concepts, criteria and basis for wage determination, the components of wage 
pa>ment, and the methods of wage fixation. 
8.7 THE WAGE CONCEPTS 
If we trace the wage concept of colonial rule, we recall that a piece of land called 
feud was given to the labourer in lieu of wages such system is still prevalent in the district 
of Katihar, Kishanganj, Saharsa,East and West Champaran ,districts of North Bihar. 
Another way was paying the wages by cash. However in under developed countries like 
India where labour may be available on the state of starvation wages, can be seen in the 
remote areas of districts of Jharkhand in eastern India where women live without clothes 
and at a time only one woman can go for work as in entire family lot, there is one and 
only one dress to wear but such acts can not be encouraged or favoured in democratic 
welfare state. Thus such situation leads to intervention of state and Supreme Court, which 
ensures minimum wages to a labourer. 
8.7.1 THE MINIMUM WAGES 
The minimum wages act was implemented in India in 1948. Minimum wages is 
the lowest wage limit, which cannot be allowed to sink in all humanity. This is the bare 
minimum wages, which is essential for the subsistence. If an employer cannot maintain 
his enterprise without slashing the wages of his employee below than the subsistence or 
minimum wage, he has no right to conduct his enterprise on such terms. 
When the company is capable of paying minimum wages then the wage paid over 
and above is called fair wages. 
8.7.2 THE FAIR WAGES 
As per the principle of fair wage the amount paid should be sufficient enough to 
provide a living standard, to a family with food, shelter, clothing, health care and 
education to children appropriate to the work man but not at rate exceeding his wage 
earning capacit>' in the group of establishment to which he belongs. Thus it can be 
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concluded that fair wage has a relationship with earning capacity and workload. Now any 
wage paid over and above the fair wage is called living wage. 
8.7.3 THE LIVING WAGE 
Living wage means a wage in which worker can live over and above the basic 
need with frugal comfort enjoying leisure, old age benefits and coverage during evil days. 
Thus living wage is goal, which a workman desires to achieve. It is a really difficult task 
to fix the living wages. The upper limit of living wage will also depend upon the capacity 
of industry. 
8.7.4 CAPACITY TO PAY 
The maximum possible wages, which a company can pay, is called a capacity to 
pay. This capacity depends not only on the present economic position of the industry but 
also on its future prospects. The real wages will depend on following factors. 
(1) Productivity of individual labour 
(2) Prevailing v^ age rate in the same or similar occupation in same or neighboring 
area. 
(3) Distribution pattern and level of national income. 
(4) Place of the industry in the economy of the country. 
8.8 CRITERIA FOR THE WAGE DETERMINATION 
Profitability trends of any company over a period of time indicate firm's paying 
capacit>'. This also depends on competition faced by the company in the market and 
company's future plans. The ratio of net profit to net worth, capital investment and the 
share of the market held by the company are the overall pointers. 
Market condition, technology used, wage cost to total cost of production or 
productivity guides wage paying capacity. 
Labour productivity in quantitative terms can be defined as statistical ratio of 
output to labour input. It includes all factors like labour, capital and technology to the 
final output. A rise in productivity cannot be considered as sole impact of labour effort. 
Thus productivity is a useful pointer but it cannot be considered as a major instrument or 
only factor for the wage determination. 
As rise in consumer's price index is a pointer of rising cost of living and a fall in 
the purchasing power of money leading to lowering of living standard. 
Comparable pay in same or similar industries in the neighboring area can also be 
considered as criteria for wage determination. This criterion ensures that organisation is 
in a position to retain the employees within the context of labour market pressures. 
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8,9 COMPONENTS OF WAGE PAYMENT 
Wages in India consists of basic wages, dearness allowance, bonus and fringe 
benefit. The total pay package is governed by internal as well as external variables such 
as economic performance of the company, government regulation and inflationary trends 
in the economy. As a result management does not have a complete control over the wage 
payment. 
The bonus and fringe benefits are directly related to the productivity of workman 
and such benefits are given to boost the morale and motivation of the worker. 
Ordinarily two systems of wage payment prevail in construction industry one is 
called time payment or day work payment another is piece rate or item rate system. 
However in following ways a company can reward his employee over and above the 
normal wages as shown in Table 8.1. 
8.9.1 METHODS OF WAGE FIXATION 
The management of any company does not enjoy too much discretion in setting 
terms and condition of employment because of awareness, emergence of trade union and 
active intervention of govt, and labour laws. In turn collective bargaining has become an 
important method of wage fixation. However state intervention adjudication machinery 
and wage boards retain their primary role in the wage system. 
System 
Output based 
Cost reduction 
Profit Sharing 
Da\' w ork 
Long run guarantee or 
careful operation of 
machine or good 
workmanship 
Type of Achievement 
Extra production 
Reduction of labour and 
material cost or reduction in 
wastage 
Increase in profit 
Meeting production standard 
Longer life of equipment, 
lesser break down and 
aesthetics 
Form of incentive 
Extra Cash 
Extra Cash 
More Bonus 
Extra Cash 
Employment Guarantee 
and long run benefits 
Table 8.1 : SYSTEM, ACHIEVEMENT AND INCENTIVE IN HRM 
8.9.2 WAGE TRENDS 
In any developing country, inflation is part of the economy. On the result of this, 
purchasing power of money is always on decline. If this fall in real wages is not counter 
balanced, it will lead to impoverishment of an already weak section of the society living 
on subsistence level. On the other hand to maintain accelerated pace of capital formation, 
industries may not be in position to afford a higher rate of money wages. Thus any 
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developing economy has to maintain a balance in social justice and economic growth. 
Such rationale can be maintained by increasing productivity. 
8.10 HUMAN RESOURCE MANAGEMENT IN CONSTRUCTION INDUSTRY 
One of the most critical tasks of managers of today are the selection, training and 
development of human resource, which will serve best in their capacity to meet the 
organisation's goal. A competence, which is needed at, all the levels of organization. 
People at work should be ready; to learn new ideas and adapt themselves to 
environmental changes otherwise they will soon vanish. In nutshell a man is known by 
t!ic company he keeps, and an organization is known by the people it is comprised of. 
Human resource management is a new term, which was traditionally referred as 
personnel administration or personnel management earlier. 
If we recall famous novel "The Rebel" Albert Camus writes, "man is the only 
creature who can rebel against what he is. The implication is very clear. 
We all know that human beings are sometimes indolent and sometimes hard 
working, dynamic, flexible but at the same time rigid and unpredictable. In spite of all 
these facts they are an asset and never a liability. This calls for understanding of human 
being from a different perspective. 
Before 1960 productivity was the only focal point and employee welfare means 
labour welfare but today retention of human resource is considered equally important 
along with higher productivity. In other words today global focus is on the integrating 
human resource function with industrial relations to achieve higher level of corporate 
excellence. 
8.11 EVOLUTION OF HUMAN RESOURCE MANAGEMENT (HRM) IN INDIA 
Evolution of personnel management in Europe and America was voluntary. In 
India it has emerged because of the interventions and compulsions of government. The 
government was forced to intervene because any labour dispute ultimately results fall in 
production. 
In 20"" century, various malpractices were prevalent in recruitment of workers and 
pviyment of wages. The Royal Commission of labour in India was appointed under the 
Chairmanship of J.H. Whitley who strongly recommended abolition of the 'Jobber' 
system and the appointment of labour officers in industrial units to look after the 
recruitment and welfare of employees. After 1948, labour officer was designated as 
personnel manager under section 49 of factories act. Unrolling through the years, a new 
approach - the Human Resource Management has come out, its focus is more on 
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developmental aspects of human resource with a pragmatic, flexible, human approach as 
man will not be happy with just bread and butter. 
8.12 HRM SCENARIO IN INDIA 
It was believed till 1950 that employee was recruited 'not to question why but 
only to do and die'. The terms like manpower planning, staff and personnel came on 
manager's tips instead of controlling the employees only and importance of organisation 
was realized for the improved productivity. In late 70s studies showed that beyond a 
certain point, productivity depended only on people. Also worker, started demanding 
reward something over and above their salaries and the term personnel was replaced by 
human resource. 
Indian managers of today have accepted global thinking and started practicing 
XfY/Z. two factors theory of motivation, contingency approach, social comparison 
processes, porter lawler model, socio technical system, job enrichment, managerial grid, 
participative management, empowerment, quality of work life, total quality management 
and Kaizen. 
There are some strategic challenges of today like accelerating rates of change in 
all spheres of business, cut throat competition, business globalization, change of 
technolog)', changing work culture, resource constraints, shift from industrial to 
information society, unstable market conditions, increasing demands by stake holders and 
a complex psychological environment. But the question is, are we really prepared to face 
such challenges. 
Hierarchy levels, status, authority, responsibility and accountability are few 
structural concepts. But Indian context, influence of behavioural feelings, emotions, 
empathetic perceptions, impressions and the affective components have greater influence 
over people than anything else. 
In present day work, environment people don't want to be treated as puppets, 
blamed, ignored or bossed but managers feel that they should think only and let the work 
force do. The idea that boss is always right is still very much in existence. Too much 
business creates stressful situation hampering the environment, conducive to human 
resource management. 
The subordinate's perception of boss is, the boss should be honest, talented, 
experienced with higher performance of skill a guiding sprit a man of a wider vision 
having leadership qualities. 
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On the other hand boss expects from subordinates commitment to job, honest, 
competent, reliable, loyal and hard working. 
HRM always attempts to make a balance between boss and subordinate 
relationship. Healthy, uniform, transparent policies are needed at all levels of organisation 
for higher productivity and growth of organisation. 
The Indian organizations are in the state of transition and change. The workforce 
of 60s has retired. The middle level is now at top with the hangovers of hangouts of 
middle level values. The young MBA chaps are decanting into huge industrial 
organization. Young executives of mid 30s are heading HRD/HRM divisions in big 
companies. In every HRM and HRD, impact of information technology cannot be ignored 
any more. To meet the challenges of 21 '^ century, HRM strategies have to focus on better 
individual organization interface and greater emphasis on organizational effectiveness 
rather than on personal success. 
In nutshell importance of HRM can be understood as under: 
(1) Workers and their welfare should no longer be considered as liability but as a 
promising living resource, which needs careful nurturing and constant 
development. 
(2) Technologies are changing very fast those who are conscious for it should 
realize the critical role that a human beings plays in managing the same. 
(3) Those companies, who can give pertinent training to their personnel and ready 
to learn new ways to do things, only can survive in today's volatile economic 
environment. 
(4) There is a dire need for all of us to try persistently for the transformation of the 
part of organization that is very much in our control into a learning segment. 
8.13 HUMAN RESOURCE PLANNING 
Human resource planning (HRP) has been a function of management since the 
birth of modern industrial organization. Economists, like Alfred Marshall had noticed in 
1890 that "the head of a business must assure himself that his managers, clerks and 
foremen are the right men for their work, and are doing their work well". Division of 
labour, suitability of person for a particular job, work simplificatioh were the principles 
applied in early industrial era. During the first half of 20"^  century the main focus in 
manpower planning was on the hourly production worker, application of work 
engineering and industrial psychology had begun. 
During and after Second World War the focus was intensified on employee 
productivity and managerial skills were recognised as special traits of human mind. Non-
technical part of the work r.nd concern for bel;a\ ioiiral aspect of work added intricacies to 
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the manpower planning. In 60s manpower planning was considered as an instrument of 
linking the organization with environment and manpower planning was confined to 
estimation of future demand of manpower and determination of gap between present and 
future requirement. 
In late 70s, the term 'human resource' gained popularity in place of manpower 
with emphasis on positive approach to personnel policy. During the 80s employees will 
be in decision-making was realized as the decision had a bearing on their work and 
careers. This led to the concept of Participative Management. On employer's end, yen for 
control over cost and profitability became stronger. In the 90s concept hatched were job 
sharing, reduced working hours, flexibility in time, reshaping of work, job design, job 
enrichment, empowerment, total quality management and re-engineering. 
8.14 HRP ROLE TODAY 
Today human resource planning is no more merely a piece of the personnel staff 
function. Now it is a total management process. The effective human resource planning is 
a process of analysing an organization's human resource needs under changing conditions 
and developing the activities necessary to satisfy these needs. Thus it is basically a two-
step process as shown in following Fig. 8.3 
Thus. HRP establishes a interface between a large range of external organizational 
factors on the one hand and specific personnel programmes on the other. 
8.15 HRP EFFECTIVENESS 
Effectiveness of HRP by and large depends on how well the existing manpower is 
utilized. Functions of HRP include identification of source of man power supply which 
will provide adequate number of employees having desired level of knowledge, skills and 
work attitude and finally developing a system for developing human resource. 
8.15.1 UNIFICATION OF GOALS 
HR planning should be so designed that employee's ambition could be fulfilled 
over the long run. In brief company should try to maintain a symbiotic relationship. 
8.15.2 NEED FOR FORECASTING 
In so many business organization personnel cost is substantial. Thus forecasting 
need pervades into all rank and file of management particularly professional and 
managerial. 
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NEED FORECASTING 
Analysis of external factors 
(1) Potential markets and level of 
competition 
(2) Technology in use and future 
technology 
(3) Population and availability of 
workforce 
(4) Government powers and legislation 
Future HR Requirements of 
company 
(1) Organization goals 
(2) Job design 
(3) Budget Provisions and Plans 
(4) Technology and systems 
(5) Affirmative Action plans 
AvaibiUty of HR in future 
(1) Current talent inventory 
(2) Known wastages 
(3) Foreseen movement 
(4) Effects of old HR programme 
1 
Assessment and Forecast of HR needs 
(1) Immediate and long term needs 
(2) External recruitment needs 
(3) Retrenchment and reallocations 
(4) Improved utilization and development 
Programme Planning 
Performance Management 
(1) Organization 
(2) Performance Appraisal 
(3) Reward Structures 
Career Management 
(1) Policies and systems 
(2) Career Opportunities 
(3) Management succession 
(4) Individual career planning 
Fig. 8.3 : PROCESS OF HUMAN RESOURCE PLANNING 
8.15.3 WORK ANALYSIS 
If closer attention is given to the actual nature of the work, belter control over staff 
can be achieved. That is why progressive companies pay much attention to people's 
activity and work studies. 
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8.15.4 IMPROVED INFORMATION SYSTEM 
Companies equipped with management information system, analyse personnel 
competency through models generated by computer software. A large-scale modeling is 
used to assure optimal staffing to meet planned organizational objectives. 
8.15.5 PERFORMANCE MEASUREMENT 
The basic yardstick for the performance appraisal is the result achieved. The key 
factor for employee's performance is motivation level, competence level of individual 
and suitability of nature of job. That is why today's trend is towards more specific job 
related appraisal rather than overall assessment of personality traits. Management policies 
and practices are being liberalized to encourage open and constructive discussions of 
performance plans and results, as thorough understanding of the work to be performed is 
a critical element for good performance. 
8.15.6 CHANGING WORK LIFE 
Attempts to improve 'quality of work life' have pointed towards flexibility in job 
design, working hours, reward and compensation policy. This is the reason that many 
companies are trying to build rewards into the job design and make compensation 
incentives more meaningful to employees. 
8.15.7 EMPLOYEE CAREER 
Today companies are having higher turn over and supply of competent talent is 
very limited. Thus individual career development has come into sharp focus of human 
resource planning. Full utilization and retention of talent has received greater emphasis in 
many organizations than external recruitment. 
8.15.8 MANAGEMENT DEVELOPMENT 
Managerial succession and management development had been always a matter of 
concern. But companies are now thinking of developing a management talent pool rather 
than an individual backup for key positions. This gives flexibility, in planning, 
developmental assignment across organizational / functional lines. 
8.15.9 INDIVIDUAL CAREER PLANNING 
Each individual contributes to the organisation. The HRP has responsibility to 
develop every individual talent to his full potential and make available opportunities in 
which he fits best but prospects of individual career development largely rests with the 
employee himself. Organisations must learn to manage employees' careers especially of 
managers of high expectations. 
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8.15.10 CAREER AND RETIREMENT 
Today companies are providing voluntary retirement sciiemes for employees 
facing retirement or desirous of career changes. Tiius opportunities are beneficial for 
companies and sometime beneficial for employee too. 
8.16 HRP AND STRATEGIC PLANNING 
Ordinarily companies prepare manpower forecast or staffing needs on yearly 
basis. This includes, external recruitment, promotions and training programmes. This 
planning does not consider long range business plans and organizational needs such as 
new technology, new projects retrenchment and expansion plan. Therefore, for strategic 
management long range HRP is needed. This type of planning includes the following: 
(1) A thorough insight and understanding of human resource implications of 
business strategies. 
Advance recruitment of experienced talents from campus and from the market. 
Assignment planning and employee development actions. 
Micro analysis of cost related with personnel acquisition and training costs: 
(2) 
(3) 
(4) 
Strategic impact of HRP factors can be summarized as in fig. 8.4. 
Cost Analysis 
Productivity or net earnings per employee 
compensation. Reward and benefit cost as a 
percentage of total cost and expenses. Emplo\ee 
replacement costs including recruitment and training. 
Legal and regulatop' expenses 
Capacity to operate effectively 
Technical complexity involved and lc\cl ol" 
specialization needed. 
Level of motivation of employed workforce. 
Employee's comprehension related to job 
requirement. 
Organizational effectiveness. 
Managerial style and philosophy. 
Capacity to Achieve 
Strategic Goals 
Capacity to undertake 
New ventures and changed operations 
Untapped and under developed potential of human 
resources. 
Adaptability to change management resources 
Fig. 8.4: HUMAN RESOURCE FACTORS AND ITS STRATEGIC IMPACT 
8.17 HRP AT CORPORATE LEVEL 
Any business is made up of men, machines, material, money and market. 
Machine, material and money very well appear on the balance sheet. Therefore, it draws 
immediate attention of management and the stakeholders. But the most fragile, living and 
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critical asset of business enterprise is human resource. What differentiates, between a 
profit mailing and a loss giving company, is the quality of its manpower. 
The role of human resource is to help management in optimizing the use of 
material resources. Therefore, presence of right people, at right place at right time is 
necessary to obviate the failures of company's strategic plans. 
A continuous monitoring of human resource is necessary, for which we need 
manpower inventory with all relevant information like educational qualification, 
experience, special aptitudes and salary grades. 
The problem of surplus manpower in organization is much more serious than 
future, manpower planning. This problem should be tackled very cautiously. The solution 
to such problems is redeployment in the form of transfer or long-term orientation or 
training or retrenchment or attrition. Every care should be taken to avoid industrial 
disputes and distaste. 
8.19 PROBLEM AREAS 
HRP also has problem areas, as there is no rose without a thorn. Few problems 
can be listed as under. 
(1) Labour and officer's association both insist on recruitment at lowest level 
only. This menace is very much prevalent in many public sector units, is likely 
to spread to private sector too in near future. 
(2) Transfer and posting from one geographical region to another, always poses 
problem. Sometime problems are really genuine e.g. imagine a man born, 
brought up, and schooled in Himalayan hills and sent to Kanya Kumari. He 
will find that he has come to entirely new country. An amicable solution has to 
be sought for such regional imbalance. 
(3) The disparity in growth prospects in different department exists. Solutions 
have to be searched to avoid inter-departmental conflicts through rotational 
assignment. 
(4) Many companies find dreaded when their executive's turnover is growing at a 
faster rate than their sales turnover. Today a young MBA is over ambitious to 
become Managing Director in the shortest possible time. Better prospects, 
foreign assignment, promotion policy, bad business, poor organizational 
climate are the few reason for executive turn over. 
(5) The talent is always in short supply. What we know about our manpower in 
books are quantitative figures in terms of head counts. The qualitative aspect 
is something very difficult to ascertain. The quality, which can be judged only 
on shop floor. 
(6) There is flaw in our education system of the country also. Many graduates 
from reputed institutions like Indian Institute of Technology have been found 
incept in handling shop floor conditions, despite their excellent theoretical 
grounding. On the other hand German engineers are known for their practical 
cr.ginccring skills all over the world because of the high emphasis given upon 
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practical apprenticeship courses in their curricula. Companies therefore should 
add lacking skills through training at suitable intervals. 
(7) Changes in work design and new technologies make certain job redundant. 
Indian Labour Conference (1960) had resolved that, there should not be any 
retrenchment on the account of technological advances. Opting following 
measures can very well reduce these redundancies. 
(a) Relocation and retraining. 
(b) Waiting for superannuation or resignation of 
redundant incumbent. 
(c) By introducing voluntary retirement scheme. 
(d) By offering out placement. 
(e) By doing multi-skill training for versatility. 
(f) By offering business opportunities, to fedundant employees in 
down stream or off stream industries or spare part services. 
8.20 TYPE OF HUMAN RESOURCE EMPLOYED IN CONSTRUCTION 
INDUSTRY 
Construction industry uses different type of resource right from an illiterate 
labourer to an enlightened general manager. The entire human resource of construction 
industry can be divided into three major groups: technical, secretarial and managerial. 
8.20.1 TECHNICAL 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 
(13) 
Skilled Labourer 
Mason 
Foreman or Supervisors 
Carpenter (a) Helper, (b) II Class Carpenter (c) I Class Carpenter, (d) Extra 
Ordinary Skilled Carpenter 
Welder 
Electrician 
Machinist 
Plumber 
Painter 
Construction Engineer 
Designer 
Estimator 
Consultant 
(14) Project Manager / Project Engineer 
8.20.2 SECRETARIAL 
(1) Peon 
(2) Typist / Fax / Computer Handler 
(3) Estimator 
(4) Draftsman 
(5) Accountant / Cost Accountant 
(6) Project Manager 
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In construction industry an estimator or quantity surveyor enjoys a unique position 
in the organisation. It is pertinent to discuss the role of estimator in the present text. 
8.21 THE ESTIMATOR 
Estimator is the lifeblood of construction. A realisation and appreciation of its 
paramount importance is the greatest step towards overall construction profitability. 
Usually estimator calculates the quantity or one can say he works as a quantity surveyor 
but when problem reduces to profit then function of estimator has added responsibility of 
controlling the cost. He can take help of construction department and cost engineering 
department for performing this function of cost control. The estimating department also 
maintains cost records. Thus secretarial practices are also involved. 
The actual job specification depends on the type of construction company i.e. 
building, non-building industrial, non-industrial, heavy construction etc. The number of 
estimators or size of estimating department depends on, degree of accuracy or how much 
comprehensive estimates, are needed by the company. Centralized estimating is preferred 
in permanently located office. However, work can be decentralised within limits as and 
w hen needed. Various traits and attributes for an estimator are being discussed as under. 
8.21.1 EDUCATION OF ESTIMATOR 
Academic qualification of estimator depends upon intricacies involved in the 
estimate. An engineering graduate with good common sense and wisdom is an ideal 
choice. 
The next constraint, which company faces, is the payment to the estimator. If 
company is not in position to pay much, then intermediate with science or diploma 
holders are also acceptable. 
If work is more then one experienced estimator accompanied by high school 
graduates with special aptitude in mathematics results saving on cost for estimating. 
8.21.2 TRAINING OF ESTIMATORS 
In job work, training is much more important than black board teaching. There is 
no substitute for on the job training. Only on the job training, state of art can be learnt. An 
estimator should be trained on following lines. 
(!) To make him capable of understanding and building a project. 
(2) To make him conversant with knowledge of construction practices and 
procedures. 
(3) To make him aware of cost aspect of project (managerial as well as technical). 
(4) To make him exposed to the site and field of construction. 
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8.21.3 WHAT A TRAINED ESTIMATOR CAN DO FOR THE COMPANY 
A phenomenal estimator can do following for the company. 
(1) He can improve cost analysis to form a more reliable basis for future cost 
estimates. 
(2) He can improve cost accounting. 
(3) He can adopt and use standard cost codes. 
(4) He can give weekly computer print outs on cost. 
(5) He can warn deviation from standard cost. 
(6) He can initialise cost control thinking. 
(7) He can integrate field office management 
(8) He will never guesstimate. 
(9) He can reduce cost of estimating itself 
Since estimating and cost control are two most vita! functions in a construction 
organisation, to have a cost control, a close coordination with both executive and field 
management is vital. To achieve this objective a good technical education with added 
field and office experience are considered as best qualification for estimators who can 
share responsibilities beyond quantity take-off. The management should prefer excellent 
training and promotion prospects, within the organisation. 
8.22 MULTI SKILLING THE WORK FORCE 
Maintaining a multiskilled workforce at projects always reduces project cost and 
provides longer employment for individual worker. Multiskilling improves productivity. 
Fixation of crew size is also important. Multiskilling also relieves managers from trivial 
decision, which a competent foreman can take. 
Recently Gomar, Haas and Morton (2002) have done study to understand 
assignment and allocation problem of multiskilled workforce. 
The study has been done to investigate the mechanics of allocating a multiskilled 
workforce and linear programming model has been developed to ease out the 
optimization process of multiskilled workforce assignment and allocation process in 
construction projects or between the projects of one company. The model is useful in 
condition where full employment does not exist. They claim that their observation have 
been confirmed by field experience also. 
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CHAPTER-9 
COST OPTIMISATION IN MAINTENANCE MANAGEMENT 
9.1 INTRODUCTION 
No better introduction than the verse of holy Quran can be given for the 
maintenance that any thing found in this mortal world is whether natural or man made 
will decay or lose its utility with the passage of time but thi? decay can be delayed or 
useful life can be increased by proper maintenance. It is obvious from every day life by 
t!ie centuries old saying 'a stitch at a time saves nine'. Though this thought is known to 
c\er\' one but is practiced in reality by very few who realize the importance of 
maintenance in terms of time, cost and the efforts involved. 
Today because of complexity of equipment, material artd cost involved the entire 
maintenance operation can be said as combination of managerial, financial, engineering, 
technology and other practices applied to physical assets, in pursuit of increasing 
economic life or reducing lifecycle cost, or in other word understanding the term 
•Terotechnology' which encompasses everything like specification, reliability, 
maintainability of plant, machinery, equipment, building and structures with their 
installation, commissioning, maintenance, modification and replacement coupled with the 
feed back of information on design, performance and cost. 
In fact the word 'terotechnology' itself stems from the Greek root 'terein' - 'to 
look after' or 'to guard over' or 'to take care of. 
The study of maintenance has two major aspects. One is engineering aspect and 
another is managerial aspect as shown in Fig.9.1 
\ / 
Managerial 
Maintenance 
\ / 
Engineering 
Fig. 9.1 : TWO ASPECTS OF MAINTENANCE PRACTICE 
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Unplanned maintenance is basically emergency maintenance which is defined as 
breakdown maintenance, for which it is necessary to put the things right at hand 
immediately to avoid serious consequences, for instance loss of production, extensive 
damage to assets or for safety reasons. 
Planned maintenance can be split into two main activities, preventive and 
corrective. The major part of preventive maintenance involves, inspection on the basis of 
look, feel and listen and make minor adjustments at the predetermined intervals and 
discover the replacement needs as the result of such inspection. 
Corrective maintenance involves minor repairs, usually of short term planning that 
may crop up between inspections, planned overhauls are also included such as yearly and 
two yearly overhauls, the extent of which would have been planned in detail on a long 
term basis as a result of preventive inspection. However, preventive maintenance not only 
reduces emergency maintenance but also the corrective maintenance. 
Function of maintenance department may vary from company to company 
depending upon the size and the managements' policies. In general the function of 
Maintenance Department can be grouped under primary and secondary functions. 
9.2 PRIMARY FUNCTIONS 
(1) Maintenance of existing plant, equipments, buildings and grounds. 
(2) Lubricants and inspection of equipments. 
(?) Maintenance of equipments for generation and distribution of power and other 
utilities. 
9.2.1. MAINTENANCE OF EXISTING PLANT, EQUIPMENTS, BUILDINGS 
AND GROUNDS 
It is the first and foremost function of a maintenance department. It includes the 
repairs of machinery and plant in efficient and economic way, taking preventive actions 
where necessary and minimizing the repair time. 
Repair of building (roofing, glass replacement, painting), roads, sewers, water 
systems and electrical systems etc. constitute another major portion of the work. Quite 
often in larger plants a special organization takes care of maintenance of buildings and 
grounds and separate accounts are maintained for this type of work. Such arrangements 
greatly help, in controlling the costs and enforcing efficient functioning. 
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9.2.2 LUBRICATION AND INSPECTION OF EQUIPMENTS 
Normally, operators handle lubrication of machinery and the duty of maintenance 
group is to provide them information on specifications and doses of lubricants and 
explain them procedures and practices of lubrication and inspection. 
9.2.3 MAINTENANCE OF EQUIPMENTS FOR GENERATION AND 
DISTRIBUTION OF POWER AND OTHER UTILITIES 
Equipments for generation of electricity and other utilities like water and 
compressed air are taken care of by Maintenance Department. The purchase and 
distribution of electrical power and water supply are also handled by Maintenance 
Department. 
9.3 SECONDARY FUNCTIONS 
(1) Keep-up of maintenance sub-stores. 
(2) Fire protection. 
(3) Accountingof property and insurance administration. 
(4) Salvage and waste disposal (sometimes). 
(5) Other services (such as janitorial, pollution control and safety). 
9.3.1 FIRE PROTECTION 
Normally fire protection is not under the Maintenance Department. In large 
projects, fire protection is the responsibility of security personnel, which is generally put 
directly under the Personnel Department, but in smaller projects, it is attached to 
Maintenance Department. 
9.3.2 ACCOUNTING OF PROPERTY AND INSURANCE ADMINISTRATION 
Property accounting deals with establishment and maintenance of records and 
reports of all the equipments, work-in-progress and of the completed works. This is 
essential for supplying the detailed and complete information to the Accounting 
Department. 
Insurance administration covers inspection of heavy-equipment claims to be 
settled with insurance representatives. Depending on management policies these functions 
may be put under some other department as well. 
9.3.3 SALVAGE AND WASTE DISPOSAL 
The main job of salvage group is to make use of reclaimed materials. Maintenance 
Department is generally made responsible for providing sufficient waste pick-up force 
and to accumulate the pick-up material in special containers or locations, so as to 
eliminate dangerous and obnoxious surroundings. 
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9.3.4 OTHER SERVICES 
These generally consist of services like pollution control & sewer maintenance 
and liaison with government agencies. 
9.4 REQUIREMENT OF MANPOWER FOR MAINTENANCE 
There are many factors, which must be considered ih determining the number of 
workers and supervisors for the complete maintenance of the site. If company is using 
modern automatic machinery, may require higher number of maintenance crew if 
traditional equipments are being used then only, a limited number of persons are needed. 
Thus to have an approximate estimate on the size of maintenance crew, it will be 
more realistic to choose estimated maintenance cost as a basis which itself has been taken 
as a percentage of investment on machinery. The annual cost of maintenance might run 
between 3 to 5 percent of investment in tools, plants and machinery. Yearly maintenance 
of building may run between 3 to 8 percent depending on type, size and use of the 
building. The labour cost may alone constitute 30 to 50 percent of total maintenance cost. 
9.4.1 NUMBER OF CRAFTSMEN AND THEIR GROUPING UNDER 
DIFFERENT CRAFTS 
The number of craftsmen should be well balanced between different crafts and as 
far as possible should be optimum, so that there remains no surplus in one craft and 
shortage in another craft. It is the amount of work and different functions assigned to the 
Maintenance Department, which become the prime considerations in deciding the number 
and kinds of shops. If skilled contractors are available, the number of shops and craftsmen 
can be reduced greatly. Quite often in smaller project, a few maintenance-men who are 
jacks-of-all-trades may be placed in one shop without any problem. While in larger 
project separate shops may be set-up for each craft. 
Supervision is also an important part of the maintenance programme. For skilled 
craft man density should be higher and for unskilled labour it must be lower. Supervisors 
should always try to train the craftsmen and should save time for future planning and to 
improve the efficiency of the maintenance shop. 
9.4.2 SELECTION OF MAINTENANCE PERSONNEL 
To achieve low cost and high productivity at all levels of maintenance, 
competence of foreman and craft men plays a major role. Diversified experience and 
competence should be the main criteria for the selection of foreman and crafts men. In 
scholar's opinion the foremost quality to be judged in any candidate 'the desire to learn 
and has an attitude towards cost consciousness'. 
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9.5 OPTIMISING PREVENTIVE MAINTENANCE PRACTICES 
The concept of preventive maintenance is applicable to any activity ranging from 
maintenance of car to maintenance of a big plant or heavy construction equipment at a 
project site. A well-planned preventive maintenance programme prevents breakdowns 
and cuts operating cost and at the same time it also improves the output and quality of the 
product. 
The activities included in preventive maintenance are firstly to inspect tools, 
plants and equipments for detecting faults for purposes of minimising break down or 
accelerated depreciation and secondly the upkeep of the plant to eliminate such conditions 
before actual break down occurs. Number of breakdowns is a clear pointer of 
effectiveness of preventive maintenance programme. 
It is well known that as an industry gets mechanized, the preventive maintenance 
becomes more and more advantageous to it. With the increasing complexity of modern 
equipments, the cost of maintenance is going up and that is equally true in relation to the 
cost of downtime as well. 
Preventive maintenance must be interpreted with several otl^ er maintenance 
functions such as paper work systems, work planning and scheduling, training, work-
measurement, control reports, goods shop and tools. Major returns from preventive 
maintenance can be listed below: 
(1) More production and less production down-time, 
(2) Reduced overtime payments, 
(3) Lessernumberof major repairs, 
(4) Cheaper costs of ordinary repairs, 
(5) Better quality output, 
(6) Elimination of cash outlays for earlier replacement of plant and equipment 
(7) Few standby equipments 
(8) Items with abnormal maintenance costs are brought to light 
(9) Change-over from inefficient break-down maintenance to the planned and 
economic maintenance 
(10) Smaller inventory levels of spare parts 
In simple words, preventive maintenance can be considered as a function of 
minimising the number of breakdowns or accelerated depreciation of plant and 
equipment, through p>eriodic inspections and corrections of such harmful conditions. This 
can be well achieved by creating the value "preventive maintenance is the duty of 
everybody". 
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9.6 INSPECTION - ITS RESPONSIBILITIES AND REPORTS 
The most important information, right from the beginning, is the preparation list, 
this must include all the items to be inspected. In fact such a list cannot be easily 
prepared. There are some general principles and certain do's and don'ts as guides and 
beacons. In general, most of the managers agree that the following items must be 
included. 
(1) Motors 
(2) Production machinery, 
(3) Buildings, 
(4) Materials handling equipment 
(5) Process equipments 
(6) Plant services 
(7) Lighting 
(8) Controls mechanisms 
(9) Electrical panel boards 
According to a process-plant management, the preventive maintenance items must 
cover piping, pumps, compressors, motors, instruments, vacuum and pressure relieving 
valves, flame arresters, breathing and emergency-relief equipment, generators, supply 
storage and distribution systems for water, compressed-air pipelines, storage tanks, pipe 
lines, dikes, drains, gauges, measuring instruments, shipping and storage areas, 
transportation equipment such as tank-cars, fire-extinguishing installations (of foam, fog, 
gas, spray, or dry powder) first-aid extinguishers, alarm system etc. 
Seasonal functions of equipment should also be taken care of For example, a 
refrigeration system, which is generally not used in winter, should be pumped down or 
the plants and gardens may need to be given protection against scorching summer. 
Wherever necessar>', special measures must be adopted for the preservation of machinery 
and ancillaries during shutdowns for off-season, vacations, and strikes or during natural 
catastrophes. 
Following points should be kept in mind in deciding inspection policy. 
(1) Whether the item is critical and going to cause major shut -down or damage? 
(2) Whether the plant is having standby equipment and what is going to be the cost of 
breakdown maintenance? 
(3) Is the cost of preventive maintenance going to exceed the down time cost plus the 
cost of repairs? 
(4) Will preventive maintenance prolong the life of the equipment more than 
protection requirements, if so, preventive maintenance may be a waste? 
(5) Do the poor working environments or unclean equipment conditions hamper 
production and expose employees to greater hazards? 
261 
9.6.1 EQUIPMENTS WHICH NEED INSPECTION 
Immediately the next question arises, what physical parts on each piece of 
equipment must be inspected, unless an inspector is told, about the parts to be inspected 
he will be just wasting his time. Necessary inspection points can be singled out with the 
help of maintenance force only. The craftsmen who regularly maintain the equipment are 
many a time better inspectors than the manufacturers. 
Service manuals received from the manufacturers must always be referred to. 
They are the best guides for maintaining the equipments. After a list of machines and 
inspection points has been prepared, it would be the best if checklists were also worked 
out. Most of the plants having preventive maintenance programme do make use of 
checklists. These include all the points to be checked on each piece of equipment or 
property. This checklist also has columns where the inspectors can put the dates and 
initials at the time of checking and this way nothing is left to the memory. This also helps 
in maintaining uniformity and complete inspection, irrespective of who does it. 
Preventive maintenance administrator must make sure that no items are omitted. But at 
the same time he must be careful that inspection costs do not get inflated through needless 
checks and tests. 
An inspector may feel that the list gives everything and he need not inspect 
anything else. Often management feels that such thinking discourages his ability or 
imagination. It would be best if a column is provided on the form, asking from the 
inspector what additional should be included for the next inspection. Checklists need 
constant up-dating and experience shows that often a few items, which have been 
previously overlooked, need to be included. The number of check-lists vary from plant to 
plant. Generally a checklist for each piece of equipment is quite a common practice. 
Checklist may be used for several other purposes as well. For example, they can be 
combined with the inspection schedules and provided on checklists where the inspector 
marks the estiinated future date of repairs. Such type of data provides details for long 
range planning and budgeting to the maintenance executive. 
9.6.2 INSPECTION FREQUENCIES 
The preventive maintenance administrator must also decide how often to inspect. 
Such a decision needs consideration of costs and savings from a preventive maintenance 
programme. Over-inspection is needless expense and may result in larger downtime even 
more than that in case of emergency breakdown. Under-inspection, leads to more 
breakdowns and quicker replacement. To maintain a good balance is the major problem 
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and only longer experience with the equipment can solve it. For fixing the frequencies of 
inspection, no formula is available. The criteria, which have a bearing on frequency, are 
following. 
(1) Age of equipment 
(2) Type of equipment 
(3) Environment 
(4) Type of operation. 
Many a time manufacturer's recommendations are very helpful but they also 
clearly specify that their recommendations are applicable to normal conditions only and 
recommend that each plant must modify their figures in the light of thfeir own exposures 
and the intensity of services. Certain professional bodies such as Electrical Machinery 
Manufacturers' Association, Safety Council, Insurance Companies, etc. do issue certain 
time-tables giving inspection frequencies for various types of equipments. 
At this stage it must be made clear that any single piece of equipment may have 
several inspection frequencies such as under. 
(1) Once daily for cleaning 
(2) Once weekly for adjustments 
(3) Once monthly for functional inspection 
(4) Once yearly for overhaul. 
So all the types of maintenance inspections should be taken care of, and for ease 
of operations may be categorised under lubrication, sanitation, painting, testing and the 
like, excluding repairs. 
Before deciding upon the frequency cycles we must make use of engineering 
analysis of the equipment from the following view points. 
(1) age, conditions, and value 
(2) safety requirements 
(3) Hours of operation 
(4) Rate of wear 
(5) Conditions leading to damage 
(6) Conditions affecting adjustments 
(7) Intensity of operations 
While revising the manufacturer's recommendations the following data can be of 
great help: 
(1) Service records 
(2) Maintenance work-orders 
(3) Craftsmen 
(4) Operating overheads of sections 
(5) Quality control reports 
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(6) Records of other plants in the same industry. 
It would be better to check the results continuously and then keep on modifying 
frequency cycles in accordance with production needs. It will be true for all the phases of 
preventive maintenance, viz. what to inspect and when to inspect and how to inspect. 
Cost of discarding good parts will definitely add to preventive maintenance costs. 
Experience has proved the fact that preventive maintenance fails only when its 
administrator fails to up-date the frequencies of inspection and repains. Generally it takes 
about a year to stabilise inspection programmes. 
To be sure about the validity of a c\clc, t!ic methods used are following. 
(1) Trial and error 
(2) Checking of new equipments more frequently till it is run-in 
(3) Every time an inspection is made, the inspector must point out the needed 
modifications in frequency cycles. 
For hitting at the optimum, it will be the best, if a ledger is maintained showing on 
one side the number and costs of inspections and repairs; and on the other side the 
number and costs of repairs and breakdowns. In case there are no repairs it is possible that 
the plant is being over-maintained, if too many inspections are needed it is possible that 
the)' are not getting at the root of the trouble. Success of Preventive Maintenance can be 
measured by comparing scheduled maintenance with the unscheduled maintenance. Too 
much ,unscheduled work, means lack of preventive maintenance. No unscheduled work 
means over-maintenance. Many managers feel the best would prevail if about 80% of the 
total man-hours of the maintenance crew are spent on scheduled work including the 
preventive maintenance and inspection and the rest 20% is being spent on emergency 
breakdown. 
Analytically a schedule may be perfect but even then a small item may cause 
trouble. For example, failure to check-up an alarm may lead to great penalties if it does 
not function when it should. Scheduling means determination of calendar dates on which 
inspection should be held, so that the frequency requirements are accomplished in an 
efficient way. The most important criterion for setting-up schedules is that the 
maintenance activity keeps production going at lowest costs. The schedules must be 
arranged according to the needs of the production. 
The major problems in scheduling are as under. 
(!) Routine up-keep - this can be done at regular intervals and consists of 
adjustments, lubrication, cleaning, etc. while the equipment is operating or idle, 
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(2) Periodical inspections which can be accomplished while the equipment is running 
or shut down - those are visual inspections, tear-down inspections, over-hauls 
and scheduled replacements of parts 
(3) Contingent work, which includes work done at definite intervals when 
equipment is down. The most of the preventive maintenance work can be 
squeezed within contingency category the less costly it will be. This can be 
achieved by preparing the priority list of inspection jobs to be taken up during 
periods of major downtime of various equipments. 
9.7 IMPORTANT DATA 
Any company having preventive maintenance programme must use five basic 
forms titled. 
(1) Equipment Record 
(2) Checklists 
(3) Inspection Schedules 
(4) Inspection Report 
(5) Maintenance Cost Record 
In spite of all complexities, preventive maintenance remains an effective tool of 
management. Experience and development of new procedures make preventive 
maintenance administration easier. The executive, administering preventive maintenance 
must be technically skilled to highest level and should be a good administrator as well. 
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CHAPTER -10 
CONCLUSION 
10.1 INTRODUCTION 
Every study or research work ends with a conclusion, the same has happened 
with the present research work also. On the basis of professional experience and 
knowledge gained through the reading of various books, journals, reports and case 
studies, scholar concludes that all the under mentioned nine stages of construction 
activity should be optimized to its maximum level 
(1) Project Definition 
(2) Preliminary Planning 
(3) Hiringof Human Resource 
(4) Project Design and Development 
(5) Procurement of Material 
(6) Project Construction or Implementation 
(7) Project Completion 
(8) Project Commissioning 
(9) Winding Up or Divestment 
Now conclusion and recommendations are being summarized in following 
text, for the different stages of construction. 
10.2 PROFILE OF CONSTRUCTION INDUSTRY 
Construction industry is one of the oldest industries providing ample 
employment to the people from village level to metropolitan cities. The size of 
construction industry ranges from small company owned by one or two individual 
to a large industry employing thousand of people. 
On analyzing overall economy of a developing country it can be fairly said 
that construction industry is the infrastructure industry or capital formation 
industry. An effort to optimize and/or indirectly leads to saving of capital goods 
and all types of resources. 
Consumer of this very industry ranges from individual to countries. Thus 
ample opportunity of international contracts also exist. A construction company 
can be started with little investment also. 
Owner, consultant and contractor form the total construction industry; a 
successful construction needs action by all the three in unison. 
Government has direct interference in construction activity right from 
acquisition of land to commissioning of tiiC project. Therefore, government 
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regulations should not be violated for the smooth functioning of constructing 
activity. 
Like any other industry, construction industry also faces temporal variation 
in demand and supply. Such conditions invoice the mind to learn managerial 
practices, specific to construction. Today, systematized management is necessary 
for the survival of construction industry. If one fails in any business it means he 
could not understand the total commerce of that business. The same is true for 
construction industry also. 
In business, failure is the part of the game. One should not be discouraged 
b\ failures. What important is: one should learn lessons from such failures. 
Success is never fma! and failure is never fatal. It is the courage that counts. It is 
not failure but low aim is a crime. 
10.3 INHERENT NATURE OF CONSTRUCTION PROJECT 
In common parlance project means, any programme involving 
multiphareous activity. The idea of any project should be technically feasible, 
economically viable, politically suitable and socially acceptable. 
Project has been defined in so many ways by different agencies like 
L'NIDO. They all agree in principle that every project has definite mission, 
definite starting and ending dates, involving, participation of different agencies of 
varied skills and talent. 
Every project uses human and material resources along with scarce 
resource of capital. Therefore, importance of project need not to be over 
emphasized. Today there is no dearth of project management software but scholar 
himself and Hegazy (1999) of the view that every day improvement in their 
\ ersions provides better interfaces for integrated planning and control along with 
internet capabilities but basic project management function such as resource 
allocation, resource leveling and time cost trade off analysis have hardly been 
improved. Still few practitioners are of the view that software system provide only 
a powerful presentation capabilities and saving in real terms can be achieved only 
by putting a hammer to a nail. 
Project may vary in size. It can be a village level activity and it may be an 
activit)' at international level. Every stage of project right from conceptual stage to 
divestment or winding up phase is important. 
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Knowledge of project management is equally applicable to construction 
projects also. Every construction project is unique experience in itself. Utility of 
any construction Project cannot be assessed in cost benefit ratio terms alone. It 
needs SCBA basis. However, in India, Planning Commission has framed its own 
procedure for planning, evaluation, implementation and appraisal of the project. 
10.4 THE COST OPTIMIZATION 
When we are trying to optimize cost, the very first step in this direction 
will be thorough understanding of phenomenon of cost. There is general 
agreement on AAA definition of cost that cost is a foregoing measured in 
monetary term incurred or potentially to be incurred to achieve a specific 
objective. The term cost is generic in nature. It is always used with a qualifier to 
designate various types of cost. 
In construction we broadly deal with cost involving direct labour, direct 
material, overhead and indirect cost. For accounting purposes we use concepts of 
job costing, contract costing as completion of a construction project may involve 
more than one financial year. The unique feature of construction industry is "Cost 
Plus" basis of contract that is hardly used in any other industry. 
Today one cannot ignore, advances in manufacturing process, information 
technology, and consumer attitude and total quality management. 
The direct economic part of construction activity begins with preparation 
of estimate. It is well said that estimate is an opinion, price is a policy and cost is a 
fact. So in preparing estimate one should be very clear about the required 
accuracy. 
Cost optimization had been always a human yen. Cost optimization 
techniques have diversified use, right from household management to a 
management of a big project. Theory of optimization looks behind the curtain 
where human eye is unable to see. 
In broader sense optimization is basically determination of extreme values 
over some range. In any optimization process physical interpretation is a must 
without which result is not of much use. The theoretical field of optimization is 
vast. So it is really difficult to have all the techniques on finger tip but technique, 
which is applicable to specific problem, should always be learnt. 
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10.5 NEED TO BUILD COMPETENCE 
The second half of 20"" century has witnessed rapid growth in size and 
complexity of industrial organizations. Industrial and business activities have 
achieved unprecedented growth. Advances in information technology and use of 
computer in all walks of life have changed the approach d)f managing things. 
Large organization cannot be managed without knowledge. On applying 
managerial knowledge, one should not forget that epistemology of management is 
approximate. Books do not give ready-made solution to managerial problems. 
Theories and books only give clues and indication for the right path and its 
application depends on skill, art and wisdom of manager. Acquisition of 
knowledge should be a permanent feature for the manage|ri> of today. Large 
organization cannot be managed without thorough knowledge. So there is dire 
need to build managerial competence. 
10.6 THE OPTIMAL PROJECT DESIGN 
When the techno-economic feasibility report has beeiji prepared the next 
stage is hiring of key human resource like appointmen|; of architect and 
consultants. Although consultation fee of consultant adds to h^e sunk cost of the 
project yet it has to be reconciled as they are the people who Will give the shape to 
the "Blue Print". However, most suitable type of architect /cc^nsultant is decided 
by an experienced person only who has understood the problem clearly in totality. 
Location, functional plan, technology all has bearing ort the productivity of 
the project in long run. 
Specifications need thorough analysis as over specification is a continuous 
hidden drain and under specification has disastrous effectj The specification 
should be most balanced, rational and appropriate. Specification is an important 
piece of information as it is used in preparing estimates, as a tender document, for 
ordering the material and lastly in organizing and execution of \lvork. 
In optimal designing of the structure the functional p|an and purpose of 
structure should be known before hand. The object of optimized design is to 
provide required strength at minimum possible cost without compromising on 
quality, beauty and functional utility. 
In achieving the aforesaid objective, full advantage of locally available 
material should be taken. In designing the foundation system^ full advantage of 
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sub-soil characteristics should be taken and most suitable foundation type should 
be adopted. Optimal design of structure is a separate area of Structural design. 
Wherever possible pre cast members should be use^ to avoid variation in 
quality of in-situ concrete. 
Time motion studies should always be done at site. Material should be 
unloaded as close to the place of consumption as possiple. Maximum use of 
learning curve should be made. 
It is obligatory upon designer to repeat the sections tb save extra shuttering 
cost. 
Implementation stage of project is the most critical phase in the lifecycle 
of project. This is a stage in which a company suffers loss or earns profit. In this 
stage every day monitoring is needed and corrections are matie to deviations. 
In any construction work details of specification and quantity of work 
should be thoroughly studied. On the basis of these two fa<:tors, cost break down 
of CPM network should be prepared. This cost break up should be within the 
framework of the contract and should also be realistic because it is to be used for 
progress payments also and it decides pattern of cash flow. 
Cash requirements of the project can be predicted o^ i a time basis with the 
use of CPM cost estimates by computer. The predictions cjan be used as a guide 
for the investment of construction fund, as well as a guide to contractor's finances. 
If cost expediting is done vigilantly then there are c^ses when a project can 
be completed at earlier date with lower cost. Certainly it i^ eeds an accurate cost 
estimates by using computerised CPM based cost system. 
For ripening of fruits of cost expediting, cost collection and accounting 
s>stem should be compatible and should be directly related to construction 
activities. 
For most of the practical purposes of planning ^nd scheduling of the 
project, CPM technique is sufficient. There are certain Situations where CPM 
alone is inadequate and resources are to be analysed e.g. management of heavy 
construction equipment. 
Take the case of earth fill dam or highway such jobs require heavy 
equipment. Careful scheduling of equipment across one or several projects gives 
an immediate pay off Contractors owning equipment have been found usually in 
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a constant "rental quandary i.e. in what situation they should rent out their 
equipment and in what situation they should hire extra equipjnents. 
In most of the cases number of heavy construction equipment is a limiting 
factor e.g. in one of the high way project of 220 working days, the increase of five 
more equipment reduced the project duration by forty dj^ ys. This reduction in 
duration by around 20 percent was achieved just by increasing less than 10 
percent increase in construction equipment. Now returrjs from this type of 
'equipment use' analysis need not to be over emphasised. 
Resources like money, men, material and machi|ie can be very well 
allocated to various CPM activities. Thus CPM networlj not only represents 
sequence of activities but it can also be applied for other puijposes like levelling of 
manpower resources. When resources are limited then du["ation of project may 
exceed beyond a certain limit. 
The manual handling of network technique is limited to small network, big 
projects or large network can not be handled without compiiter but to have a feel 
of network analysis user has to do few networks by hand computation. 
These techniques have been used for highway construction, naval 
shipyard, housing projects etc. Now it is needless to say thaf network analysis is a 
practical, proven and tested management tool. 
In fixing the priorities, one should expedite earliy activities or those 
activities where the numbers of people are fewer. 
The planner and construction engineer keeps his Workforce levelled by 
juggling his float activities. In doing this, he must work out the critical and low 
float activities (i.e. semi-critical activities) first. Those activities with more floats 
are worked as fill in jobs. As the project progresses, these fl|)at value will change, 
which makes regular updating important in the scheduling of Activities. 
Site selection and purchase of land is an importarit stage in life of an 
individual or company or country as some time it involves savings of entire life or 
big capital outlay. Success of any project or industry is also Affected by location of 
a site. A site or a land should be seen from all angles i.e. a generalised approach is 
needed in the site selection. Persons from different field having unity of purpose 
should be involved in examining the site because constru<;tion is an immobile 
asset whatever has happened that is forever. 
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Site selection is an important stage in planning. Sometimes, it is very 
critical decision as in case of bridges and dam. In such situation site selection 
plays a vital role in the success of project. Site selection for residential houses is 
also of paramount importance as it has direct influence ov6r quality of life of an 
individual. 
10.7 ECONOMICS OF BUILDING AND PURCHASE (^F EQUIPMENT 
In the recent years several factors like ecological and environmental 
I 
awareness, social acceptance of locality, complex legal p|-ocesses and multiple 
plan reviews by various regulatory agencies can reduce the [efficiency of working 
team, leading delay in the start of the project. So a systemis^d approach is needed 
to handle the situation. The problem can be solved in three stages. 
1. By reviewing the previous land development process. 
2. By formulating an appropriate preliminary planning model. 
3. By developing a decision support system. 
The whole land development'process can be summarized in Fig. 10.1 
To facilitate the decision-making process a model is necessary, such a 
model is called Decision Support System (DSS), which ib a computational or 
computerized environment for assisting human decision-making. 
Economics of planning directly affects the cost Of the building. Any 
decision at initial stage will affect continuing series of inter-related development 
throughout the design process or in brief it will have multiplier effect. Thorough ' 
investigation should be done for key decisions, as these decisions are irreversible 
in nature. However incidental decisions can be changed up to the time of 
construction without causing any basic change in building plain/design. 
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Society's or Customer Need 
and 
Developer's Specific Requirement 
Developer's General Plan 
Establishment ofWorking Team 
Market Research Feasibility Study 
Housing Type 
Resale Opportunity 
Competition 
Economic Factors 
Demographic Factors 
Typeof l^ and 
Engg. Design and 
Construction 
Financial 
Legal 
Basic Conceptual Plan 
Site Characteristics 
Climate 
Quality of Water 
Drainage 
Geotechnical Features 
Topography 
Hazards 
Site Improvement 
Site History 
Regulatory Conditions 
Legal Aspects 
Political 
Overtones 
Off Site Factors 
Pdsitive Impacts 
N(fcgative Impacts 
n 
Decision Making Process 
Fig 10.1 THE PROCESS OF SITE SELEC^TON 
The square plan is the cheapest feasible plan. Depth ctf building should not 
exceed 15 m because of natural lighting requirement. Bigger building block 
should be preferred over small blocks. Irregular plan shap^ es should always be 
avoided. Storey height should not exceed beyond 3 m if air-conditioned building 
is being planned. 
Circulation space in building should not exceed ten percent of the carpet 
area. Cost of the building varies with the addition of number of storeys. 
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Detailed cost analysis of foundation reveals that foundation cost drops 
rapidly up to three or four storey and then stabilises and again start rising as 
number of storeys increases or when it becomes essential to install piling or 
basement construction. Cost of frame directly increases with increase in number 
of storeys. 
Staircase should be located at suitable place, which is equally accessible 
from all parts of the building. 
The cheapest type of roof treatment is brick ballast with neat cement 
finish. It is a myth that presence of mud on terrace reduces inside temperature of 
the building. 
For designing air conditioning system of the building base temperature 
should always be taken 2°C less than the outside temperature. 
Today radical changes are being made in existing equipment by taking the 
advantage of improved hydraulics, electronics, chip-technology, computer and 
power trains. These advances make guidance and positioning of equipment very 
precise, which is beyond the capability of the man and control, can come from 
remote corner. It was the long cherished yen of man. Today the trend is towards 
rental rather than outright purchasing. 
Fleet management will be easier if technology adjusts as per the 
requirement of productivity, efficiency and maintenance. 
Improper handling of equipment halts the production and shortens 
machine life. Such practice should be discouraged day one, not weeks later, to 
avoid core damage. Fuel consumption is a pointer, which determines maintenance 
periodicity, thus optimising too frequent oil changes. Therefore construction 
equipment is identified by its production rate, durability of parts and life cycle 
cost. 
Purchasing of construction equipment is a critical decision as it involves 
huge sum of money and depreciates quickly. So unless until it is established in 
advance that a unit of equipment will earn more than the cpst, it should not be 
purchased. Specialised specific purpose equipment needs lead-time. It is not an off 
the shelf product. If construction equipment purchased wisely and operated 
efficiently it generates profit for its owners. For accounting purposes it is treated 
as non-current assets and its productivity is judged by life cycle casting. 
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Operating characteristics, engineering features, useful life, ease of 
maintenance and repair are few factors, which must be considered in selection of 
the brand of equipment. 
It is always not necessary only new capital equipment should be 
purchased. If analysis of pay back or return on-investment reveals that a piece of 
used equipment is a better buy than a new machine in terms of finances, 
availability and economic use. 
In scholar's opinion, if new equipment is to be purchased even then one 
should visit, used equipment market to know the future condition of equipment 
under consideration. Used equipment explicitly shows weaknesses and robustness 
of different parts. Used equipment can be purchased from dealers, brokers, owners 
and auctioneers. There is no set rule in selecting the option. Every option needs 
ground work. 
User has to do maximum groundwork in every purchase done in Indian 
market, as there is no dearth of cheat and pirates in the market. It is good practice 
to consult a man specialised in used equipment or consult an experienced 
foreman. 
10.8 COST OPTIMIZATION IN MATERIALS MANAGEMENT 
In a residential construction, material cost amounts to 60 to70 percent of 
total construction cost. Thus, the importance of cost optimisation in materials 
management needs thorough investigation, firstly at technical level and secondly 
at managerial level. 
Material is lifeblood of construction. Materials manager should procure 
material at right price at right time in right quantity at the right place. Every rupee 
saved in purchasing is a new rupee of profit. Therefore, the group involved in 
procurement, distribution and logistics of material has the responsibility to reduce 
the total material cost. Any cost control mechanism can work in totality only. 
Inefficient materials management is a direct loss, which cannot be discovered in 
cost accounting records of the firm. 
In the parlance of everyday life quality means intrinsic excellence of 
material but in industrial use quality means suitability of material for specific 
purpose with lowest possible cost. Therefore, in industrial purchasing quality 
comes first, price oomes next or in other words quality determines the price. 
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In the field of construction material, fixation of appropriate quality for 
specific structure is really a difficult task as most of the materials are natural 
material. Materials manager should always refer to relevant IS code. 
In selecting a supplier, competitive pricing, reliable quality, timely 
delivery and good technical service should be the prime criteria. Company should 
always try to maintain a symbiotic relationship with supplier as it has real capital 
value, which is noticed during periods of short supply. 
All the properties of construction material cannot be quantified such 
properties can be predicted by past experience and historical facts only. 
Since purchasing operation is repetitive in nature. So record of purchasing 
activity should always be maintained to save time and confusion. For complex 
high dollar value purchases, a detailed analysis is needed. These include visits to 
plant, financial, managerial, and service capabilities. 
Too often buyers feel that consummating a contract with a carefully 
selected supplier ends their major responsibility but in case of construction 
material in India supplier should always be looked upon with suspicion, as 
suppliers are not much interested in maintaining a very long-term relationship. 
The buyer should always search for new and better supplier and should always 
keep an alternate supplier in his pocket. 
Whatever is the market condition, obtaining the material at right price, 
which suits, to both buyer and seller is essential, for the buyer company. The 
evaluation of right price must be made in consonance of total circumstances, 
surrounding a specific purchase at a specific point of time. 
In construction industry materials manager operates in a sort of pure 
competitive market where forces of demand and supply alone govern the price. 
For bargaining it is necessary to know margin of profit on a particular product, a 
seller earns. 
The skill of price estimation is a science as well as an art. What is needed, 
a little wisdom and knowledge of different material and processes and a knack of 
cost accounting. 
If the purchaser is novice then buyer can request to seller to submit a cost 
break up along with quotation at the time of negotiation. The simplest way to 
obtain such break up is inclusion of clause "quotations without cost break up will 
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not be considered". This is necessary to arrive at a price, which is reasonable and 
acceptable to both parties. A poorly equipped buyer in the field of cost concept 
hardly exploits price negotiation to its fullest potential. However, to pay higher 
profit margin for truly distinctive product is a good buying while paying higher 
profit margins for competitive product is a poor buying such precedents reflect a 
lack of fundamental purchasing analysis. After considering purchasing activity in 
totality, a buyer should try to purchase at prices as close as possible to the bottom 
of the estimated price range. Moreover, buyer should always explore possibility of 
various discounts. 
Quality of raw material and performance of external suppliers have direct 
impact on the quality of product produced by the company. Conversion of raw 
material into a usable finished product involves, network of activities of different 
nature. A superb quality is possible when each activity is done in best possible 
manner. 
Physical inspection of material is needed to control the quality. In 
construction, inspection should be done while material is being unloaded because 
of weight and volume of material, it becomes really trouble some to send back the 
defective material when delivered, in every purchasing contract, clause for 
delivery, return of defective material should be included. Penalties and deductions 
in payments should be explicitly written and told in advance in every purchasing 
contract. 
Thus defective, unacceptable material should be detected as early as 
possible; otherwise supplier may misinterpret an order or a specification. At last 
frequently encountered ship shod or dishonest supplier may cut corners, 
jeopardizing the quality of construction. In all cases it is less costly to detect 
defective material at the initial stages rather than after its consumption. 
The inspection of material should be done by methods of attributes. The 
supplier should be informed in advance about the procedure of inspection. Buyer 
Company should always try for the reduction in inspection cost by suitable means 
as inspection cost adds to Sunk cost of the product. 
A sound inventory management is necessary to reduce the investment in 
inventory. Inventory catalogue must be prepared with utmost care as inventory 
cost always encroaches profit. Today professional managerial skills are needed to 
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control inventory, as sometimes inventory constitute 15 to 25 percent of its 
invested capital. JIT arc the practice, basically developed for reducing production 
inventories. 
On Sundays and holidays one should avoid purchasing of building material 
in local market as on these days demands are more and prices are high. A keen 
observation and analysis of market condition are essential for good purchasing. 
This is the insight of purchaser which guides hand to mouth, forward and 
speculative buying. 
Value analysis of product should be a regular feature of purchasing 
department. Value analysis always requires participation of persons from different 
background. 
Purchasing department sometimes confronts with the problem of 'Make or 
Buy-. 
There is no straightforward rule exists for make or buy decision. Analysis 
of historical cost, review of present economic and labour considerations decide 
make or buy decisions with the sole objective of saving in cost. 
Warehousing and store management is essential for safety and check on 
pilferage. An efficient store operation saves attendant cost in price, in paper work 
and in handling. 
The specific responsibility of store's function is to inspect, identify and receive 
the material onl\ when found suitable. A capable person who can take decision 
should always supervise receiving operation. Five minutes of inspection can save 
hours for rectification. Material received should always be placed at marked 
proper location and also records should be updated. 
10.9 THE LABOUR ECONOMICS 
In construction activity also labour acts as a factor of production. The cost 
of labour in ordinary residential construction amounts to around 30 percent of cost 
of the building. Thus knowledge of labour economics is essential for the wage 
optimisation. 
In construction industry, labour market has characteristics similar to 
competitive market. 
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Every construction manager faces labour shortage during harvesting period 
of April and May. It is obligatory upon him to schedule construction activity 
accordingly. 
10.9.1 THE MINIMUM WAGE 
Any deviation from minimum wage policy is direct violation of the law of 
the land. Money given in advance to any labourer and work being taken as repay, 
amounts to bonded labour which is an offence and can not be ignored in the eyes 
of law. 
Construction manager should not offer any opportunity for the activation 
of labour union and trade union. 
Company should run incentive and welfare programmes to motivate the 
employees. Eucation, training and skill development should be the regular feature 
of the human resource maintenance. 
There is no readymade solution to tackle labour management conflict. It is 
the wisdom of manager who formulates the solution. Employees should be always 
treated as an asset not a liability. In dealing the human resource one should not 
forget that man will not be happy just with bread and butter. Studies have shown 
that beyond a certain point productivity depends only on people. 
In Indian context influence of behavioural feeling, emotions, empathetic 
perceptions, impressions have greater influence over people than anything else. 
10.9.2 THE OPTIMAL HUMAN RESOURCE MANAGEMENT 
HR policy of the company should attempt to make a balance between boss 
and sub-ordinate relationship. A healthy uniform, transparent policies should be 
rendered at all levels of organisation for higher productivity and growth of the 
organisation to meet the challenges of 21st century. HRM strategies have to focus 
on better individual organization interface and greater emphasis on organizational 
effectiveness rather than on personal success. 
The head of the business organisation must check that people in the 
organization are the right men for right job. 
HRP should act as interface between a large range of external 
organizational factors and specific personnel policy. A company should try for 
symbiotic relationship with employees rather than a commercial relationship. 
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Need forecasting for human resource is an important part of HRP, as training of 
personnel has substantial cost. 
Assessment of performance should be done on specific job rather than 
overall personality. Right talent is always in short supply. Therefore individual 
career development should be given greater importance. Full utilization and 
retention of talent should be preferred over external recruitment. HRP should 
develop every individual talent to its full potential and should arrange 
opportunities in which he fits best. However prospects of individual career 
dcNclopment, largely rests with the employee himself Companies must learn to 
manage employees career especially of managers of high expectations on the 
other hand companies should offer voluntary retirement schemes for employees 
facing retirement or desirous of career change. 
Today the most fragile, living and critical asset in business enterprises is 
the human resource. This is the quality of human resource, which differentiates 
between a profit making and loss giving company. 
The role of human resource is to help management in optimising the use of 
material resources. Therefore, presence of right people, at right place at right time 
is necessary to obviate the failures of company's strategic plan. Therefore, a 
continuous monitoring of human resource is necessary. 
The problem of surplus manpower in organization is much more serious 
than the future manpower planning. This problem should be tackled very 
cautiously. The solution to such problem is redeployment in the foi^ m of transfer 
or long-term orientation or training or retrenchment or attrition. Every care should 
be taken to avoid industrial disputes and distaste. 
A good human resource management is essential for the success of project. 
A project should not be considered only as a technical entity. Unfortunately 
human side of the project has not received due weightage. Recently Adnane 
(1998) has concluded that human resource management in the context of 
construction project is still elementary. 
10.10 THE OPTIMAL MAINTENANCE MANAGEMENT 
Today because of complexity of equipment, material and the cost involved 
the maintenance activity has received paramount importance in pursuit of 
increasing economic life or reducing life cycle cost of capital equipments. 
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Maintenance practice has two orientation one is managerial whicii is 
concerned with the cost of maintenance and cost of loss in production caused by 
poorly or ill maintained machines. 
Preventive maintenance is a cheap insurance for breakdown maintenance 
as well as time and cost saving method for corrective maintenance also. 
Proper lubrication of mechanical equipment is a must to avoid wear and 
tear of the parts. This is the duty of maintenance group to provide information to 
operators, on specification and the doses of lubricants and explain them 
procedures and practices of lubrication and the inspection. 
Fixation of size of maintenance crew is also a matter of concern. To have a 
realistic estimate, amount for maintenance should be taken as a certain percentage 
of investment in machinery. The annual cost of maintenance may range between 
3to5 percent of investment in tools, plants and machinery. However, maintenance 
cost of building may run between 3 to 8 percent depending on type, size and use 
of the building. The labour cost may alone constituteSO to 50 percent of total 
maintenance cost. 
Quite often in smaller project a few maintenance men who are jack-of-all-
trades can be appointed without any problem. While in larger project separate 
shops may be set up for each craft. 
Supervision is also an important part of the maintenance programme. It is 
obligatory upon the supervisors to train the craftsmen to save time for future 
planning and to improve the efficiency of the maintenance shop. 
Competence of foreman and craftsmen plays an important role in 
achieving the objective of low cost and high productivity at all levels of 
maintenance. 
Diversified experience and competence should be the main criteria for the 
selection of foreman and craftsmen. In scholar's opinion the fore most quality to 
be judged in any candidate 'the desire to learn and has an attitude towards cost 
consciousness. 
Effectiveness of preventive maintenance can be judged by counting the 
number of breakdowns. Preventive maintenance gives many returns if programme 
is run properly. To make preventive maintenance programme a success: it is 
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necessary to inculcate the value "preventive maintenance is the duty of every 
body". 
Maintenance inspectors should be thoroughly trained about the parts, 
which are to be inspected during inspection. What to inspect and when to inspect 
and how to inspect. Sometimes craftsmen who regularly maintain the equipment is 
many a times better inspectors than the manufacturers. Service manuals received 
from the manufacturers must always be referred to, critical parts must be noted 
down. 
A checklist should be prepared. Preventive maintenance manager must 
make sure that no item needing inspection is omitted. But at the ^ame time he 
must be careful that inspection costs do not get inflated through needless checks 
and tests. Checklist should be revised on the basis of experience gained. 
The frequency of inspection depends on amount of costs and saving from a 
preventive maintenance programme. Over inspection is expensive and under 
inspection leads to more breakdowns and quicker replacement. In this situation 
only experience can give an optimal solution. 
Too much unscheduled work means, lack of preventive maintenance. 
In spite of all complexities preventive maintenance remains an affective 
tool of management. Experience and development of new procedures make 
preventive maintenance administration easier. The executive, Administering 
preventive maintenance must be technically skilled to highest level and should be 
a good manager as well. 
The optimised model of Construction Company is shown in Fig. 10.2 
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Fig 10.2 : OPTIMIZED MODEL OF CONSTRUCTION COMPANY 
10.11 DIRECTION FOR FURTHER RESEARCH 
Like other research work present work also has its limitation and has scope 
for further research and advancement of studies. Few possibilities are as under: 
(1) A management information system specific to construction industries 
in Indian context can be developed. 
(2) A document can be prepared on dealings with government agencies in 
construction contract in India. 
(3) SCBA packages for specific project in Indian context can be made. 
(4) There is a dire need of preparation of simple optimisation packages for 
cost optimisation in construction project. 
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(5) A comparative study of schedule of rate and analysis of rate of various 
states and departments can be done to ascertain degree of accuracy 
with actual field data. 
(6) A document giving recommendation on optimal design of individual 
structural member and structural system can be prepared. 
(7) A detailed CPM network based on realistic field data specific to 
particular construction project like housing, bridges for India can be 
prepared. 
(8) A study on financial management in major construction companies in 
India can be done. 
(9) A document dealing in real estate management in India can be 
prepared covering all the aspects of real estates. 
(10) A document/software giving optimal plans for various types of 
building can be prepared. 
(11) A manual dealing with finance, selection, purchase, rental quandary, 
and maintenance of construction equipment based on life cycle costing 
can be prepared for heavy construction equipment. 
(12) A handbook covering all aspects of materials management of 
construction material in India can be written. 
(13) A study on labour economics of construction worker in India can be 
done. 
(14) A study on the productivity of construction workers in India can be 
done. 
(15) A study of strategic human resource management in construction 
companies of India can be undertaken. 
(16) Safety measures during execution of project always increase 
construction cost. This opens a new portal for optimisation of safety 
practices in construction projects. A manual can be prepar'ed. 
REFERENCES 
1. Hegazy T. (1999). "Optimization of resource allocation and leveling using 
genetic algorithms". Journal of Construction Engineering and Management, 
125(3), 167-175. 
284 
BIBLIOGRAPHY 
1. @RISK for Project (1993). Palisade, Inc., Newfield, N.Y. 
2. "Tax Guide for Small Business". (1996). Department of Treasury Publ. 
334, International Revenue Service, Washington, D.C. 
3. "The cracks in quiality". (1992). Economist, April 18, 67-68. 
4. "The effects of scheduled overtime and shift schedule on construction craft 
productivity". (1988). Source Document 43, Construction Industry 
Institute, Austin, Tex. 
5. "Top rank Florida residential home builders". (1996). Florida Trend. 
March, 84-85. 
6. "TQM is underutilized, according to poll". (1995). Engrg. News Rec, 
February 1, 14. 
7. A Guide to the Project Management Body of Knowledge Project 
Management Institute. (1996). Sylva, NC. 
8. Abacus Concepts (1994). Abacus Concepts Statview, Berkeley, Calif 
9. Abd. Majid, M.Z. and McCaffer, R. (1998). "Factors of non-execusable 
delays that influence contractors performance". J. Mgmt. In Engrg. ASCE, 
14(3), 42-49. 
10. Abdul-Rahman H., Alidrisyi, M.N. (1994). A perspective of materials 
management practices in a Fast developing economy: the case of 
Malaysia. Construction Management and Economics, 12, 413-22. 
11. Abou Rizk, S.M. and Halpin, D.W. (1990). "Probabilistid simulations 
studies for repetitive construction process". J. Constr. Engrg. and Mgmt., 
ASCE, 116(4), 575-594. 
12. AbouRizk, S.M. (1990). "Input modeling for construction simulation". 
Ph.D. thesis, Purdue Univ., West Lafayette, Ind. 
13. AbouRizk, S.M., Halpin, D.W. and Wilson, J.R. (1991). "Visual 
interactive fitting of beta distributions". J. Constr. Eng. Manage., 117(4), 
589-605. 
14. AbouRizk, S.M., Halpin, D.W. and Wilson, J.R. (1994). "Fitting best 
distributions based on sample data". J. Constr. Engrg. and Mgmt., ASCE, 
120(2), 288-305. 
285 
15. AbouRizk, S.M., Halpin, D.W. and Wilson, J.R. (1994). "Fitting beta 
distributions based on sample data". J. Constr. Eng. Manage., 120(2), 288-
305. 
16. Abudayyeh, O.Y. (1997). "A multimedia construction delay management 
system". Microcomp. In Civ. Engrg., 12, 183-192. 
17. Ackoff, R.I. (1978). The Art of Problem Solving. Wiley, New York. 
18. Adams, J.R. and Barndt, S.E. (1983). "Behavioral implications of the 
project life cycle". In project management handbook, eds. D.I. Clelend 
and W.R. Kings, New York, 183-204. 
19. Adeli H. and Park, H.S. (1996). Hybrid CPN-neural dynamics model for 
discrete optimization of steel structures. Microcomputers in civil 
engineering, 11(5), 355-366. 
20. Adeli, H. and Kao, W.M. (1996). "Object oriented blackboard models for 
integrated design of steel structures". Comp. And Struct. 61(3), 545-561. 
21. Adeli, H. and Park, H.S. (1998). "Neurocomputing for design automation 
CRC Press", Boca Raton, Fla. 
22. Adeli, H. and Wu, M. (1998). "Regularization neural network model for 
highway construction cost estimation". J. Constr. Engrgi And Mgmt., 
ASCE 124(1), 18-24. 
23. Adrian, J.J. (1987). Construction productivity improvement, Elsevier, New 
York. 
24. Agapiou, A. (1998). The changing role of builders merchants in the 
construction supply chain. Construction Management and Economics, 16, 
351-61. 
25. Ahmad, 1. (1992)."Contingency allocation: A computer-aided approach". 
Trans., AACE, Morgantown, W.Va., F.5.1-F.5.5. 
26. Ahuja, H., Dozzi, S.P. and AbouRizk, S.M. (1994). Project management 
techniques in planning and controlling construction projects. 2"'' ed., 
Wiley, New York. 
27. Akin, O. (1986). Psychology of Architectural Design. Pion, London. 
28. Akinci, B., Fisher, M. (1998). Factors affecting contractors' risk of cost 
overburden. Journal of Management in Engineering, 14(1), 67-75. 
29. Alfeld, L.E. (1988). Construction productivity on site measurement and 
management, McGraw Hill, New York. 
286 
30. Alkass, S., Mazerolle, M., Tribaldos, E. and Harris, F. (1995). "Computer 
aided construction delay analysis and claims preparation". Constr. Mgmt. 
and Economics, 13, 335-352. 
31. Alster, N. (1989). "What flexible workers can do". Fortune, 199(4), 62-66. 
32. Al-Tabtabai, H. and Alex, A.P. (1997). "Manpower scheduling 
optimization using genetic algorithms". Proc. 4* Congress on Computing 
in Civil Engineering, ASCE, Reston, Va., 702-709. 
33. Al-Tabtabai, H. and Alex, P. (1998). "Network compression using genetic 
algorithms". Proc. 1998 Int. Computing Congr. On Computing in Civ. 
Engrg. ASCE, Reston, Va., 652-659. 
34. American Society of Civil Engineers (ASCE). (2000). Quality in the 
constructed project - a guide for owners, designers, and constructors, 2"'' 
ed., Reston, Va. 
35. Amor, J.P., Teplitz, C. (1998). An efficient approximation for project 
composite learning curves. Projectg Management Journal, 28, 42. 
36. Anderson, G.B. (1980). One hundred booming years, Bucyrus-Erie, South 
Milwaukee. 
37. Ang, A. and Tang,W.H. (1975). Probability concepts in engineering 
planning and design. Wiley, New York. 
38. Annual Business Failure Records. (1985-1994). Dun and Bradstreet, New 
York, N.Y. 
39. Anthony, R., Dearden, J. and Govindarajan, V. (1992). Management 
Control Systems. (Second edition), Irwin, Homewood, Illinois. 
40. APM. (2000). The project management body of knowledge, 4"' ed. 
Wycombe: Association for Project Management. 
' t i . Arditi, D. and Robinson, M.A. (1995). "Concurrent delays in construction 
litigation". Cost Engrg. 37(7), 20-30. 
42. Arditi, D., Gunadin, H.M. (1997). Total quality management in the 
construction process. International Journal of Project Management, 15(4), 
235-43. 
43. Arditi, D., Kale S., and Tangkar, M. (1997). "Innovation in construction 
equipment and its flow into the construction industry". J. Constr. Engrg. 
Manage., 123(4), 371-378. 
287 
44. Arkes, H.R. and Hammond, K.R. (1986). Judgement and decision malting, 
Cambridge University. 
45. Asaaf, S., Mohammed, A.K. and Muhammad, A.H. (1995). Causes of 
delay in large building construction projects. Journal of Management in 
Engineering, 45-50. 
46. ASCE Technical Committee (1987). "Avoiding and resolving disputes in 
underground construction". Rep. On Contracting Practices of the 
Underground Technol. Res. Council, New York. 
47. Ashley, D.B., Lurie, C.S. and Jaselskis, E.J. (1987). "Determinants of 
construction project success". Proj. Mgmt. J., 18(2), 69-70. 
48. Assaf, S.A., Al-Khalil, M. and Al-Hazmi, M. (1995). "Causes of design in 
large building construction projects". J. Mgmt. in Engrg., ASCE,, 11(2), 
45-50. 
49. Assaf, S.A., Al-Khalil, M., Al-Hazmi, M. (1995). "Causes of delay in 
building construction projects". Journal of Management Engineering, 
March/April, 45-90. 
50. Assaf, S.A., Alkhalil, M., Al-Hazmi, M. (1995). Causes of delay in large 
building construction projects. Journal of Management in Engineering, 
ASCE, 11(2). 45-50. 
51. Associated General Contractors (AGC). (1974). Contractors' equipment 
manual, 7'*' ed., Washington, D.C. 
52. Association for the Advancement of Cost Engineering (AACE) (1997). 
Recommended practice: Cost estimate classification system (18R-97), 
Morgantown, WV. 
53. Atkin, J.W. (1987). "The extraction of refined rules from knowledge 
basedneural networks". Machine Learning, 13(1). 71-101. 
54. Austin, N. and Peters, T (1985). A passion for excellence. Warner Books, 
New York. 
55. Austin, S. (1994). Manipulating the flow of design information to improve 
the programming of building design. Construction Management and 
Economics, 12:445-55. 
56. Austin, S. Baldwin, A. Newton, A. (1996). A data flow model to plan and 
manage the building design process. Journal of Engineering Design, 7(1), 
3-25. 
288 
57. Aziz. M.A. (1985). Engineering materials. Dpala Publishers. Dhaka, 
Bangladesh. 
58 Babu, A.J.G. and Suresh, N. (1996). Project management with little cost, 
and quality considerations. European J. Operations Research, 88, 320-327. 
59. Badiru, A.B. (1991). "Project management tools for engineering 
management professionals". Georgia. USA: Norcross. 
60. Baily, P. (1990). Purchasing principles and management, 6''^  ed. Pitman, 
London. 
Oi. Baker, B.N., Murphy, D.C., Fisher, D. (1988). Factors affecting project 
success. In: Cleland, D.I., King, W.R., editors. Project management 
handbook, 2"^ ed. New York: John Wiley. 
62. Baker, J.T., Josvold, D.a nd Andrews, R. (1988). "Conflicts approaches of 
effective and ineffective project managers: a field study in a matrix 
organization'". Journal of management studies. 
63. Bakewell, R.D. (1985). "Theoretical and practical aspects of conceptual 
estimating". Cost Engrg. 27(2). 
64. Baldwin, J.R. and Manthei. J.M. (1971). Causes of dela>' in the 
construction industry. Journal of Construction Division,ASCE. 97, 177-
187. 
65. Ballard, G. (1994). Last Planner, North California Construction Institute, 
Monterey, California. 
66. B arrie, D.S. and Paulson, B.C. (1992). Professional construction 
management, 3"* ed., McGraw Hill Inc., New York, N.Y. 308. 
67. Barrie, D.S., Paulson, B.C. (1992). Professional construction management. 
Berkshire, England: McGraw Hill. 
68. Barrier, D.S. and Paulson, B.C. (1992). Professional construction 
management, McGraw Hill, New York. 
69. Battikha, M. and Alkass, S. (1994). "Cost-effective delay analysis 
technique". Trans., Am. Assn. Of Cost Engrs.. Morgantown, W.Va. 
70. BCIS. (1988). "Tender sum / final account study". BCIS News, Building 
Cost Information Service, Royal Institution of Chartered Surveyors, 
London, (25). 
71. Bean, J.C. (1994). "Genetic algorithms and random keys for sequencing 
and optimization". ORSA. J. on Com. 6(2), 154-160. 
289 
72. Bechtold, S.E. (1988). "Implicit optimal and heuristic laboif staffing in a 
multiobjective, multilocation environment". Decision Sci., 19(2). 
73. Beck, D.R. (1983). "Implementing top management plans thbugh project 
management". In Project Management Handbook, eds. D.I. Clelend and 
W.R. Kings. New York, pp. 166-184. 
74. Beeston, D.T. (1974). "One statistician's view of estimating". Cost Study 
No. 3, Building Cost Information Service, Royal Institution of Chartered 
Surveyors, London. 
75 Benjamin, J.R. and Cornell, C.A. (1970). Probability', statistics and 
decision for civil engineers, McGraw Hill, New York. 
76. Bennett, J. (1991). International Construction Project Management -
General theory and practice. Oxford: Butterworth Heinemann. 
77. Bennigson, L.A. (1971). "TREND: New management infdrmation from 
networks'". Proc 3'^ '' Int. Congress on Project Planning by Network 
Techniques, 44-60. 
78. Berg, B.L. (1989). "Qualitative research methods for the sodial sciences". 
Allyn and Bacon, Needham Heights, M.A. 
79. Berman, F.B. (1964). Resource allocation in a PERT network under 
continuous activity time-cost functions". Mgmt. Sci., 10. 724-735. 
80. Bertelsen. S. (1995). "Building logistics: A means for improvement of 
productivity in the building sector". Nellemann. ' Nielsen & 
Rauschenberger A/S Consulting Engineers and Planners. Copenhagen, 
Denmark. 
81. Biggs, J. (1988). "Approaches to learning and to essay writing". Learning 
Strategies and Learning Styles. R.R. Schmeck, ed., Plenurh Press, New 
York, 185-228. 
82. Bland, J.A. (1985). Statistics for construction students. Construction Press, 
Longman Group Ltd., Harlow, U.K. 
83. Booch, G. (1994). Object-oriented analysis and design with applications, 
Benjamin / Cumings, Redwood City, Calif. 
84. Borcherding, J.D. (1972). "An exploratory study of attitudes that affect 
human resources in building and industrial construction". Ph.D. thesis, 
Stanford University, Stanford, Calif 
290 
85. Bordoli, D.W., Baldwin, A.M. (1998). A methodology for assessing 
construction project delays. Construction Management and Economics, 16, 
327-37. 
86. Borsoli, D.W., Baldwin, A.N. (1998). A methodology for assessing 
construction project delays. Construction Management and Economics, 16, 
327-37. 
87. Bowers, J.A. (2000). Multiple schedules and meausres of resource 
constrained float. Journal of the Operational Research Society, 51(7), 855-
62. 
88. Boyatzis, R.E. akd Kolb, D.A. (1991). "Assessing Individuality in 
learning: The learning skills profile". Educational Psychology, 11(3-4), 
279-295. 
89. Boydell, T. (1976). Experimental learning. Manchester Monographs, 
University of Manchester, Manchester, U.K. 
90. Bradley, R.M., Powell, M.G., Soulsby, M.R. (1990). "Quantifying 
variation in project-cost estimate". Journal of Construction Engineering 
and Management. 116( 1), 99-106. 
<^ ! Bresenen, M.. Bryman, A., Ford. J., Keii. E. Beardsworth, A., Jepson, M. 
and Wray, K. (1984). "Effective construction site management". A 
review: Journal of construction engineering and management, ASCE 
110(4), 420-436. 
92. Bresnen. M.. Bryman, Breadsworth, A. and Keil, T. (1987). 
"Effectiveness of site managers". Chartered Institute on Building. 
Technical Paper No. 85, 1-7. 
93. Brett, J., Goldberg, S. and Ury, W. (1990). "Designing systems for 
resolving disputes in organizations". Am. Psychologist, 45(2). 
C4. Briner, B., Grundy, A., Tyrrell. F., Turner, J.R. (1996). Case studies from 
the insurance service industry. In: Turner JR, Crude KV, Thurloway L, 
editors. The project based manager as change agent. London: McGraw 
Hill, 227-43. 
95. British Standard BS6079-3:2000. Project management - Part 1: guide to 
the management of business-related project risk. British Standards 
Institute. 
96. British Standard BS8444-3: 1996 (lEC 300-3-9). Risk management: Part 
3 - guide to risk analysis of technological systems. British Standard 
Institute. 
291 
97. British Standards Institute (BSI). "Making test cubes". British Standards: 
Part 110, Standards Office, London. 
98. Brooke,A. Kendrick, D. and Meeraus, A. (1992). GAMS: a user's guide 
release, 2.25, Scientific, South San Francisco. 
99. Brown, J.R. and Fern, E.F. (1981). "Goods vs. servicd marketing: A 
divergent perspective". Marketing of services, J.H. Donnelly and W.R. 
George, eds., America Marketing Association, Chicago, 20^-212. 
100. Briisco, M. and Johns, T. (1996). "Staffing a multi-skilled Workforce with 
varying levels of productivity: an analysis of cross-training policies". Proc. 
,2f^ Annual Meeting of the Decision Sciences Institute, Decision Sciences 
Institute, Orlando, Fla. 
101. BS6079-1996. British Standard 6079: Guide to Project Management, UK: 
British Standard Institute. 
102. Bu-Bushait, K.A. (1986). A survey of the practices of project management 
techniques in different industries. Project Management International. 
(PMI) seminar, 20-25"^  September, 131-138. 
103. Bu-Bushait, K.A. (1988). Relationships between the application of project 
management techniques and project characteristics. Interriational Journal 
of Project Management, 6(4), 235-240. 
104. Building. Poll reveals 1 in 3 job is late, 28.7.95. 
105. Burati, J, Farrington, J., Ledbetter, W. (1992). Causes of quality devices in 
design and construction. Journal of Construction Engineering and 
Management, ASCE, 118(1), 34-49. 
106. Burati, J., Mathews, M. (1991). Quality management jn construction 
industry. Journal of Construction Engineering and Management, 117(2), 
341-59. 
1U7. Burleson, R.C. (1997). "an analysis of multiskilled labcbr strategies in 
construction". Ph.D. thesis. University of Texas at Austin, AJustin, Tex. 
108. Business Roundtable (1982). "Technological progress in the construction 
industry. A report of the construction industry cost effectiveness project". 
Rep. B-2, New York. 
109. Butcher, W.S. (1967). "Dynamic programming for project cost-time 
curve". J. Constr. Div., ASCE, 93(1), 59-73. 
110. Butcher, W.S. (1967). Dynamic programming for project cjost time curve. 
Journal of Construction Division, ASCE, 93(1), 59-73. 
292 
111. Cabral, G.K. (1982). "Techniques for capital cost estimating with minimal 
date". Cost Engrg. 24(5). 
112. Callahan, M.T., Quackenbush, D.G. and Rowings, J.E. (1992). 
Construction project scheduling. McGraw Hill, New York. 
113. Cambell, G. (1999). "Cross-utilization of workers whdse capabilities 
differ". Manage. Sci., 45(5), 722-732. 
114. Carmichael, H.L. and MacLeod, W.B. (1993). "Muitiskilling. technical 
change and the Japanese firm". Econom., J., 142-160. 
115. Caron, F. (1998). Project logistics: integrating the procurement and 
construction processes. International Journal of Project Management, 
16(5), 311-9. 
116. Carter, S. and Dunne, A. (1992). "Pre-tendering in the construction sector: 
A comparison of small and large firm issues"" Int. Smill Business J., 
London, 11(1). 61-64. 
117. Cass, D. (1992). "Labour productivity impact of varying crew levels". 
AACE Transactions, C2.1-C2.9. 
118. Caterpillar Inc. (1983). Caterpillar Performance Handbook. 14'^  ed., 
Peoria, III. 
119. Caterpillar Inc. (1992). Caterpillar Performance Handbook, 23'^ '^  ed., 
Peoria, III. 
120. Caterpillar Inc. (1998). Caterpillar Performance Handbook, 29"" ed., 
Peoria, III. 
121. Cecil, R. (1991). Professional liability. 3^"^  edn. Legal Studies and Services 
(Publishing) Ltd. London. 
122. Ccran T. Dorman A.A. (1995). The complete project manager. Journal of 
Architectural engineering: 1(2), 67-72. 
123. Chalabi, F.A., Camp, D. (1984). Causes of delay arid overruns of 
construction projects in developing countries. CIB Proc. W-65, 2:273-274. 
124. Chan, A.P.C. (1994). Evaluation of novation contract. Proceedings: 
National Construction and Management Conference, Sydney, Australia, 
17-18 February, 129-42. 
125. Chan, A.P.C. (1998). Novation contract - an emerging procurement 
practice in Hong Kong. The Australian Institute of Quality Surveyors 
Journal, 3(1), 1-14. 
293 
126. Chapman, C.B., Ward, S.C. (1997). Project risk management: Processes 
techniques and insights. John Wiley and Sons, Chichester. 
127. Chase, G.W. (1992). Implementating of TQM in building design and 
construction. Journal of Management in Engineering, 8(4), 329-39. 
128. Chau, K.W. (1995). "The validity of the triangular distribution assumption 
in Monte Carlo simulation of construction costs: Empirical evidence from 
Hong Kong". Constr. Mgmt. and Economics, 13(January), 15-21. 
'.29. Cherns. A.B. and Bryant, D.T. (1984). "Studying client's role in 
construction management"'. Constr. Mgmt. and Economics, London, 2, 
177-184. 
130. Ciiinowsky. P.A. (1999a). Strategic corporate management for civil 
engineering, Oxford University Press, New York. 
131. Chinovvsky. P.S. (1999b). "Strategic management in construction 
education". J. Constr. Educ, 3(1), 3-12. 
132. Chitu, K.W. (1995). "Monte carlo simulation of construction costs and 
subject data". Construction management and Economics, 13(5), 369-83. 
133. Cho. C.S. (2000). "Development of the project definition rating index 
(PDRl) for building projects". Ph.D. thesis, Dept. of Civil Engrg., 
University of Texas at Austin, Austin, Tex. 
134. Chowdury, S.D. and Lang, J.R. (1996). "The decline of small firms: A 
preliminary investigation into concept of complacency". Can.J. 
Administrative Sci., 13(4), Montreal, Canada, 321-331. 
135. Christian, J. and Hachey, D. (1995). "Effects of delay times on production 
rates in construction". J. Constr. Engrg. and Mgmt., ASCE, 121(1), 20-26. 
136. Chrzanowski, E.N. and Johnston, D.W. (1988). "Application of linear 
scheduling". J. Constr. Engrg. and Mgmt., ASCE, 112(4), 476-491. 
137. Chua, D.K.H., Chan, W.T. and Govinan, K. (1997). "A time-cost trade-off 
model with resource consideration using genetic algorithm". Civil Engrg. 
Sys., Surrey, England, 14, 291-311. 
138. Chua, D.K.H., Kog, Y.C., Loh, P.K. and Jaselskis,E.J. (1997). "Model for 
construction budget performance - neural network approach". J.Constr. 
Engrg. and Mgmt., ASCE, 123(3), 214-222. 
139. CI I (1989). Costs of quality deviations in design and construction. Publ. 
10-1. Construction Industry Institute, Quality Management Task Force, 
Austin, Texas. 
294 
140. CII Quality Management task Force, Total quality mai^ agement: the 
competitive edge. Publication 10.4. Construction Industry Institute, Austin, 
Texas, 1990. p. 4. 
141. CII. (1988). Project materials management primer. Publication 7-2, 
Materials Management Task Force, CII, University of Texas at Austin, 
USA. 
142. Clarke, L. (1994). The essence of change, Herts, UK: Prentice Hall. 
143. Cleland D.l. and King W.R. (1975) "System Analysis and Project 
Management. McGraw Hil),pp J 87-190. 
144. Cleland, D.l., Kerzer, H. (1985). A project management dictionary of 
terms. New York: Van Nostrand Reinhold. 
145. Cleland, D.l.. King, W.R. (1988). The project management handbook. Ed. 
New York: Van Nostrand-Rheinhold. 
146. Cleland, D.L. (1990). Project management, strategic design and 
implementation. Tab Books Inc. Blue Ridge Summit. PA. 
147. Clough, R.H. and Sears, G.A. (1991). Construction project management, 
Wiley, New York. 
!48. Clough, R.H.and Sears, G. (1994). Construction contracting, 6"" Ed., John 
Wiley & Sons. Inc., New York. 
149. Cohrs, H.H. (1997). 500 years of earthmoving, KHL International, East 
Sussex, U.K. 
150. Coman, A.. Bonen, B. (1997) Information technology in operations 
management: a theory of constraint approach. International Journal of 
Production Research. 33, 1403-15. 
151. Conlin, J. (1997). The application of project management software and 
advanced IT techniques in construction delays investigation. International 
Journal of Project anagement, 15(2), 107-20. 
152. Conroy, G. and Soltan, H. (1997). Conserv: a methodology for managing 
multi-disciplinary engineering design projects. International Journal of 
Project Management, 15(2), 121-132. 
153. Construction Claims Monthly: "The Cumulative impact of multiple 
changes". (1996). Business Publishers, Inc., Silver Spring, Md. 
154. Construction Industry Institute (CII) (1988). Construction industry institute 
model plant update, Austin, Tex. 
295 
155. Cook, S.C. (1998). Applying critical chain to improve the management of 
uncertainty in projects. MBA&MS Thesis, MIT. 
156. Cooke, B. Williams, P. (1998). Construction planning, programming and 
control. London: Macmillan. 
157. Cooke, Davies, T. (2001). The real success factors in projects. In: A 
project management odyssey. Proceedings of the PMI European, the 4"^  
PMI European Project Management Conference, London, June, Marlow: 
Marlow Events. 
158. Cooke-Davies, T.J. (2000). Towards improved project management 
practice, Ph.D. thesis. Leeds Metropolitan University. 
159. Coombes, J. (1990). Real world construction scheduling. Frontier 
Publishing, Seattle, Wash. 
160. Cooper, Robin (1988). The Rise of Activity-Based Costing - Part One: 
What is an Activit)'-Based Cost System. Journal of Cost Management 
(Summer), 45-54. 
161. Crandall. K.C. (!976). '"Probabilistic time scheduling". J. Constr. Div. 
ASCE, 102(3), 415-423. 
162. Crandall. K.C. (1977). "Analysis of schedule simulations". J. Constr. Div., 
ASCE, 103(3), 387-394. 
163. Crandall. K.C. and Woolery, J.C. (1982). "Schedule development under 
stochastic scheduling". J. Constr. Div. ASCE, 108(2), 321-329. 
164. Cross, M. (1989). "Flexibility and integration at the workplace". Insights 
in Human Resource Management, 27(4), 43-47. 
165. Culp, G., Smith, A. and Abbot, J. (1994). Implementing TQM in 
consulting engineering firm. Journal of Management in Engineering, 
ASCE,, 9, 340-356. 
166. Curran, M.W.(1989). "Range estimating contingencies with confidence". 
Trans. AACE, Morgantown, W.Va., B.7.111 l-B.7.4. 
167. Cusack, M.M. (1991). Construction management - The way forward 
investment, procurement and performance in construction E&FN Spon, 
London. 
168. Cushman, K.M., Hoolyday, J.D., Coppi, D.F., Fertitta, T.D. (1996). Delay 
claims. In: Cushman RF. Jacobean CM, Trimble PJ, editors. Proving and 
pricing construction claims. Frederick, MD: Aspen Law and Business, 
Chapter 4, 1-37. 
296 
169. Davidson, F.P. and Huot, J. (1991). Large-scale projects - management 
trends for major projects". Cost Engineering, 33(2), 15-23. 
170. Davis, E.W. and Patterson, J.H. (1975). "A comparison of heuristic and 
optimum solutions in resource-constrained project scheduling". Mgmt. 
Sci., 21(8), 944-955. 
171. Davis, K. Ledbetter, W.B. and Burati, J.L. (1989). "Measuring design and 
construction quality costs". J.Constr. Engrg. and Mgmt., ASCE, 115(5), 
385-400. 
172. Davis, R.T. (1987). Strategic planning revisited. Grad. School of Business, 
Stanford University, Stanford, Calif 
173. Davul, A. (2001). "Analysis of the construction cost data". MS thesis 
submitted to Northeastern University. Boston. 
174. Dawood, N.N. (1994): Materials management practices in the UK 
construction industry. Proceedings, Annual Conference of the Canadian 
Society for Civil Engineering, June, 403-12. 
175. De la Garza, J.M. and Rouhana, K.G. (1995). "Neutral network versus 
parameter-based applications in cost engineering". Cost EngJ-g., 37(2). 
176. De Leon, G.P. and Knoke, J.R. (1995). "Probabilistic analysis of claims 
for extensions in the contract time". J. Comp. In Civ. Engrg. ASCE, 2, 
1513-1520. 
177. De Reyck, B., Demeulemeester, E. Herroeien, W. (1998). Local search 
methods for the discrete time / resource trade-off problem in project 
networks. Naval Research Logistics Quarterly, 45, 553-78. 
178. Decision making tools: @Risk, BestFit (1997). Palisade Corp. New York. 
179. Demeulemeester, E.L., Herroein, W. (2002). Project scheduling a research 
handbook. Kluwer academic Publishers: Boston. 
180. Demski, S. (1993). Resistance to change: why your TQM efforts may fail. 
Journal of Management in Engineering. ASCE, o, 426-431. 
181. Denton, K.D. (1992). "Multi-skilled teams replace old work systems". HR 
Magazine, 37(9), 48-56. 
182. Devore, J.L. (2000). Probability and statistics for engineering and the 
sciences, 5"^  ed., Duxbury, Pacific Grove, Calif. 
297 
183. Diekmann, J.E. and Nelson, M.C. (1985). "Construction claims: 
Frequency and severity". J. Constr. Engrg. and Mgmt., ASCE, 111(1), 74-
81. 
184. Diekmann, J.E. andKim, M.P. (1992). "SuperChange: Expert system for 
analysis of changes claims". J. Constr. Engrg. and Mgmt., ASCE, 118(2), 
399-411. 
185. Dinsmore, P. (1999). Winning in business through enterprise project 
management. New York: American Management Association. 
186. DOE-PSA (1982). Plan of Work. Property services agency, London. 
187. Douglas, J. (1968). "Optimum life of equipment for maximum profit". J. 
Constr. Eng. Manage., 94(1), 41-54. 
188. Douglas, J. (1975). Past and future of construction equipnient Part 111. J. 
Constr. Div. ASCE 101(4), 699-701. 
189. Dowd, K. (1998). Beyond value at risk: The new science of risk 
management. Wiley, Chichester, U.K. 
190. Dowsland, K.A. (1996). "Genetic algorithsms - a tool for OR?" J. Oper. 
Res. Soc. 44, 550-561. 
191. Eden, C.E., Williams, T.M., Ackermann, F.A., Howick, S. (2000). On the 
nature of disruption and delays (D&D) in major projects. Journal of the 
Operational Research Society, 51(3). 291-300. 
192. Edmonds. G.A., Miles, D.W.J. (1984). Foundations for change: aspects of 
the construction industry in developing countries, Intermediate 
Technology, London. 
193. El-Choum, M.D. (1995). "Model building strategy for construction cost 
overruns". Trans., AACE Int. 
194. El-Rayes, K. (2001). Object oriented model for repetitive construction 
scheduling. Journal of Construction Engineering and Management, 127(3), 
199-205. 
195. ENR Top 400 Contractors Sourcebook (1998). McGraw Hill, New York. 
196. Eraut, M. (1994). Developing professional knowledge and competence. 
The Falmer Press, London. 
197. Erskine-Murray, P.E. (1972). "Construction Planning - Mainly a question 
of how". Occasional Paper NO. 2. The Institute of Building, London. 
298 
198. Esa, S. (1989). "Resource leveling in construction by optimization". J. 
Constr. Engrg. and Mgmt., ASCE, 115(2), 302-316. 
199. Ettlie, J.E. and Rezo, E.M. (1992). "Organization integrationa nd process 
Innovation". Acad. Mgmt. J., 35, 795-827. 
200. Evans, P.B. and Wuster, T.S. (1997). "Strategy and the ndw economics of 
information". Harvard Business Rev. 75(5), 70-82. 
201. Everett, J.G. and Farghal, S.H. (1994). "Learning curves prediction for 
construction field operations". Constr. Engrg. and Mgmt., ASCE 120(3), 
603-616. 
202. Evolver reference manual (1998). Palisade Corp., Newfieid, N.Y. 
203. Excel reference manual (1997). Microsoft Corp., One Microsoft Way, 
Redmond, Wash. 
204. Fabi, B. and Petersen, N. (1992). "Human resource management practices 
in project management". International Journal of Project Management, 
10(2), 81-87. 
205. Faniran, 0.0. (1995). "The project environment, organisational 
characteristics of construction firms and the effectiveness of construction 
planning efforts: A study of the interrelationships". Ph.D. thesis, 
University of Technology, Sydney, Australia. 
206. Faniran, O.O., Oluwoye, J.O. and Lenard, D. (1994a). "A conceptual 
process of construction planning for meeting client objectives". J. Real 
Estate and Constr., Singapore, 4(1), 48-58. 
207. Farghal, S.H. and Everett, J.G. (1997). "Learning curves: Accuracy in 
predicting future performance". J. Constr. Engrg. and Mgmt., ASCE, 
123(1), 41-45. 
208. Farid, F., Boyer, L.T. and Kjangari, R. (1989). "Required return on 
investments in construction". J. Constr. Engrg. and Mgmt., ASCE, 115(1), 
109-125. 
209. Faulkner, A. Sargent, J.H. and Wearne, S.H. (1989). "Civil engineers' 
managerial roles and needs: Report of a survey". J. Constr. Mgmt. and 
Economics, 17, 155-174, London. 
210. Feng, C.W., Liu, L. and Burns, S.A. (1997). "Using Genetic algorithms to 
solve construction time cost trade-offs problems", J. Constr. In Civ. Engrg. 
and Mgmt., ASCE 11(3), 184-189. 
299 
211. Fente, J., Schexnayder, C. and Knutson, K. (2000). "Defining a probability 
distribution function for construction simulation". J. Constr. Eng. Manage., 
126(3), 234-241. 
212. Fichman, R.G. and Kemerer, C.F. (1997). Object technblogy and reuse 
Lessons learned from early adopters". Computer, Oct. 47-59. 
213. Filcher, R. (1992). Principles of Construction Management, Berkshire, 
England: McGraw Hill. 
214. Finn, R. (1993). A synthesis of current research on management 
competencies. Henley Working Paper, 10/93. 
215. Firdman, H.E. (1981). Strategic information systems: Forging the business 
and technology alliance. McGraw Hill, New York. 
216. Fischer, M.A. and Aalami, F. (1996). "Scheduling with computer 
interpretable construction method models". J. Constr. Engrg. And Mgmt. 
ASCE, 122(4), 337-347. 
217. Fisher, D., Meistschin, S, Pollock, Jr. DR. (1995). Benchmarking in 
construction industry. Journal of Management in Engineering, ASCE. 
11(1), 50-7. 
218. Fitz-Enz, J., (1984). "How to measure human resource management". 
McGraw Hill, New York. 
219. Flanagan, R. and Norman, G. (1983). "The accuracy and monitoring of 
quantity surveyors' price forecasting for building work". Constr. Mgmt. 
and Economics, London, 1, 157-180. 
220. Fletcher, D. and Goss, E. (1993). "Forecasting with neural networks". 
Inforation and Mgmt., 24, 159-167. 
221. Fletcher, D. and Goss, E. (1993). "Roadway seasonal classification using 
neural networks". J. Computing in Civ. Engrg., ASCE, 9(3), 209-215. 
222. Fondahi, J.W. (1961). A non-computer approach to the critical path 
method for the construction industry. Technical Refiort No. 9, The 
Construction Department of Civil Engineering, Stanford University. 
123. Fondahi, J.W. (1961). "A non-computer approach to the critical path 
method for the construction industry". Tech. Rep. No. 9, Dept. of Civil 
Engineering, The Construction Institute, Stanford University, Stanford, 
Calif 
224. Franks, J. (1990). Building Procurement Systems. 2"'' ed. Chartered 
Institute of Building, Englemere. Ascot, Berkshire, UK. 
300 
225. Franks, J. (1998). Building procurement systems - a guide to building 
project management, 3^*^  ed., Addison-Wesley Longman Ltd., Harlow, 
U.K. 
226. Freedman, R.D. and Stumpf, S.A. (1980). "Learning style theory: Less 
than meets the eye". Acad. Mgmt. Rev. 5(3), 445-447. 
227. Freeman, M. and Beale, P. (1992). "Measuring project success". Project 
management journal, 13(1), 9-16. 
228. Freeman, R.D. and Stumpf, S.A. (1978). "What can one learn from the 
Learning Style Inventory"? Acad. Mgmt. Rev. 21(2), 275-282. 
229. Freeman, R.D. and Stumpf, S.A. (1981). "Learning Style Inventory: Still 
less than meets the eye". Acad. Mgmt. Rev. 6(2), 297-299. 
230. Fruchter, R., (1997). "A/E/C virtual atelier: Experience and future 
directions". Proc, ASCE Comp. In Civ. Engrg., ASCE, New York, 395-
402. 
231. Fryer, B. (1997). The practice of construction management. Blackwell 
Scientific, Oxford, U.K. 
232. Fuikerson, D. (1961). '"A network flow computation for project cost 
curves"" Mgt. Sci., 7, 167-178. 
233. Gallegos, H. (1988). "Mortarless masonry: The Mecano systems". Int. J. 
Housing Sci. and Its Applications, 12(2), 145-157. 
234. Garnett, N. (2000). Benchmarking for construction: theory and practice. 
Construction Management and Economics, 18, 55-63. 
235. George, R. (1998). "The wonder years". Plumbing Engrg., October 20. 
236. Gibbs, G. (1988). Learning by doing - A guide to teaching and learning 
methods. Further Education Unit, London. 
237. Gibbs, G. (1992). Improving the quality of student learning. Technical & 
Educational Services, Bristol, U.K. 
238. Gibson Jr., G.E. and Dumont, P.R. (1995). "Project definition rating index 
for industrial projects". Research Rep. 113-11. Construction Industry 
Institute, Austin, Texas. 
239. Gibson Jr., G.E., and Hamilton, M.R. (1994). "Analysis of pre-project 
planning effort and success variables for capital facility projects". Source 
document 105, Construction Industry Institute, Austin, Texas. 
301 
240. Gibson Jr., G.E., Kaczmarowski, J.R. and Lore Jr. H.E. (1993). "Modeling 
pre-project planning for the construction of capital fa(tilities". Source 
document 94, Construction Industry Institute, Austin, Texas. 
241. Gibson, Jr. G.E. and Dumont, P.R. (1995). "Project definitlion rating index 
for industrial project". Research Rep. 113-11. Constr^ction Industry 
Institute. 
242. Giobbins, Maureen (Chief Executive of Institute of Risk Management) 
(2000). Personal communication, October. 
243. Girmscheid, G. and Moser, S. (2001). "Fully automated shotcrete robot 
for rock support". Comput-Aided Civ. Infrastructure Eng. Mag., 16(3), 
200-215. 
244. Globerson, S. (1994). Impact of various work breakdown structures on 
project conceptualization. International Journal of Projecit Management, 
12(3), 165-171. 
245. Godfrey, P. (1996). Control of risk: a guide to the systematic management 
of risk from construction, London: CIRIA. 
246. Goldberg, D.E. (1989). ''Genetic algorithms in search, optimization and 
machine learning, Addison-Wesley, Reading, Mass. 
247. Goldratt, E. op.cit. (1997). Some we have met in the civil engineering 
industry claim that this approach is little differrent from ap Jroaches used a 
number of years ago. Moreover, it can be argued that it is simply a 
particular style of using logic trees. Our point is simply that this Balfour 
Beatty project team came across this approach througli contact with 
consultants from the Goldratt Institute at the time that the project leaders 
were becoming aware that improved means of coordinatiorf was needed to 
operate the new management style with success. They saw the Goldratt 
approach as serving these needs. Goldratt has since published these ideas. 
See E. Goldratt, Critical Claim, North River press, New Yoi|k. 
248. Goldratt, E.M. (1990). What is this thing called the theory of constraints? 
NY: The North River Press. 
249. Goldratt, E.M. (1990). What is the thing called theory of constraint and 
how should it be implemented. North River Press, Inc. 
250. Goldratt, E.M. (1997). Critical chain. Great Barrington, M.A.: The North 
River Press. 
251. Goldratt, E.M. (1997). Critical chain, the north River Press, Great 
Barington, MA. 
302 
252. Goldratt, E.M. (1997). Critical chain. North River Press, Inc. 
253. Goldratt, E.M. The goal Great Barrington, M.A.: The North River Press 1 
ed. 1984,2"^ * ed. 1986, 2"'' revised ed. 1992. 
254. Goldrattr, E.M., Cox, J. (1993). "The goal". 2"" ed. Ald^rshot, England, 
Gower. 
255. Gomar, J. (1999). "Assignment and allocation optimizati|)n of a partially 
multiskilled workfroce"" MS thesis. University of Texas a^  Austin, Austin, 
Tex. 
256. Gong, D., Hugsted, R. (1993). Time-uncertainty ana 
networks vvith a new merge event time-estimation techniq 
Journal of Project Management, 11(3). 165-74. 
ysis in project 
Lie. International 
257. Goodman, R.E. (1998). "Taxonomy of knowledge r<:quirements for 
executives of general contracting and construction management 
enterprises". Ph.D. dissertation, School of Civil and Envir. Engrg., Georgia 
Inst. Of Technol., Atlanta. 
258. Goomdrum, P.M. (2001). "The impact of equipment technology on 
productivity in the U.S. construction industry". Ph.p. dissertation, 
University of Texas, Austin, Tex. 
259. Graf, M.W. (1984). "An overview of contingency considerations". Cost 
Engrg. 26(1). 
260. Green, S.D. (1999). "The dark side of lean construction: Exploitation and 
ideology". Proc. 7"" Annu. Conf. of Int. Group for Lean Constr. Berkeley, 
Calif, I.D. Tommelein and G. Ballard, eds. 21-32. 
261. Grimm, C.T., and Wagner, N.K. (1974). "Weather effects on mason 
productivity". J. Constr. Engrg. and Mgmt., ASCE 100(3), 319-335. 
262. Gumming, J., (1984). Site Management Information And Control 
System,CIB-W65, Canada. 
263. Hackney, J.W. (1965). Control and management of capital projects, Wiley, 
New York. 
264. Hackney, J.W. (1985). "Applied contingency analysis^. Trans., Am. 
Assoc, of Cost Engrs. 
265. Hackney, J.W. (1992). Control and management of (Capital projects, 
McGraw Hill, New York. 
303 
266. Hadipiono, C. Sun, K. (1990). Angular fuzzy set models for linguistic 
values. Civil Engineering Systems, 7: 48-56. 
267. Hall, G. (1994). "Factors distinguishing survivors from failures amongst 
small firms in the construction sectors". J. Mgmt. Studies, Oxford, U.K., 
31(5), 738-760. 
268. Halligan, D.W., Demsetz, L.D. and Brown, J.D. (1994). "Action response 
model and loss of productivity in construction". J. Constr. Eng. Manage., 
120(1), 47-64. 
269. Halligan, D.W., Hester, W.T. and Thomas, H.R. (19!?7). "Managing 
unforeseen site conditions". J. Constr. Engrg. and Mgmt., ASCE, 113(2), 
273-287. 
270. Halpin, D.W. (1991). "Impact of international competition on 
construction technology". Impact of international con^petitiveness on 
construction technology. Proc. Constr. Res. Council, ASCE Spring 
Convention. C.B. Tatum, ed., ASCE, New York, 1-6. 
271. Halpin, D.W. (1992). Planning and Analysis of Construction Operations, 
John. Wiley & Sons, New York, 68-96. 
272. Halpin, D.W. and Woodhead, R.W. (1998). Construction management, 2"^* 
ed., Wiley, New York. 
273. Hambrick, D.C. and D'Aveni, R.A. (1988). "Large corporate failures as 
down spirals". Administrative Sci. Quarterly, 33(1), 1-24. 
274. Hamel, G. and Prahlad. C.K. (1989). "Strategic intent". Harvard Business 
Rev. 67(3). 
275. Hamiani, A. (1989). "Knowledge representation for the site layout 
problem". Proc, Computing in Civil Engineering, ASCE, Reston, Va. 283-
289. 
276. Hamilton, M.R. and Gibson, G.E.Jr. (1996). "Benchmarking preproject 
planning efforts". J. Mgmt. In Engrg., ASCE, 12(2), 25-33. 
277. Hampel, D.J. (1977). "Consumer satisfaction with the home buying 
process: Conceptualizatio and measurement". Conceptualization and 
measurement of consumer satisfaction and dissatisfaction, k.H. Hunt, ed., 
MarketingScience Institute, Cambridge, Mass. 
278. Hampson, K.D. (1993). "Technology strategy and competitive 
performance: A study of bridge construction", Ph.D. dissertation. Stanford 
University, Stanford, Calif. 
304 
279. Hannan, M.T. and Freeman, J.H. (1984). "Structural inertia and 
organizational change". Am. Sociological Rev. 49(2), 149-164. 
280. Hanselman, D. and Littlefield, B. (1999). MATLAB user's guide, 
Mathworks In., Natick, Mass. 
281. Hapke, M., Showinski, R. (1996). Fuzzy priority heuristic for project 
scheduling. Fuzzy Sets and Systems, 83: 291-9. 
282. Harri-Augustein, S. and Thomas, L. (1991). Learning conversations: The 
self-organised learning way to personal and organisational growth, 
Routledge, London. 
283. Harries, F., McCaffer, R. (1995). Modern Construction Management, 
London, England: Blackwell Science. 
284. Harris, F.C. and Evans, J.B. (1977). "Road construction - simulation 
game for site managers". J. Constr. Div., ASCE, 103(3), 405-414. 
285. Harris, R.B. (1990). Precedence and arrow networking technique for 
construction. John Wiley & Sons, Inc., New York, N.Y. 
286. Harris, R.B. (1996). "Scheduling projects with repdating activities". 
UMCEE Rep. No. 96-26, Civil and Environmental Engineering 
Department, Univ. of Michigan, Ann Arbor, Mich. 
287. Hartmann, S., Drexl, A. (1998). Project scheduling with multiple modes: a 
comparison of exact algorithms. Network, 32, 283-97. 
288. Hatchett, M. (1980). "Possibilities for future development in the prestige 
of site management". The practice of site management. ClOB, Ascot, 
U.K., 10-12. 
289. Hazeltine, C. (1976). Motivation of construction workers. Journal of 
Construction Division, ASCE 102(3), 497-509. 
290. Hegazy, T. and Ayed, A. (1999). "Simplified spreadsheet solutions: 
Models for critical path method and time-cost trade-off analysis". Cost 
Engrg., AACE Int., 41(7), 26-33. 
291. Hegazy, T. Moselhi, O., (1994). "Analogy-based solution to markup 
estimation problem". J. Com. Civ. Engrg., ASCE. 8(1), 72-87. 
292. Hegazy, T. Moselhi, O., and Fazio, P. (1993). "BAL: An algorithm for 
scheduling and control of linear projects". Trans. AACE Int., C.8.14. 
305 
293. Hendrickson, C, Martinelli, D. and Rehak, D. (1987). "Hierarchial rule-
based activity duration estimation". J. Constr. Engrg. and Mgmt., ASCE, 
113(2), 288-301. 
294. Hennessy, J.H. (1986). Handbook of long-term fmancing. Prentice-Hall. 
Englewood Cliffs, N.J. 
295. Herbsman, Z.J. (1995). "A+B bidding method - Hidden success story for 
highway construction". J. Constr. Engrg. and Mgmt., ASCE, 121(4), 430-
437. 
296. Herbsman, Z.J., Chen, W.T. and Epstein, W.C. (1995). "Time is money: 
Innovative contracting methods in highway construction". J. Constr. 
Engrg. and Mgmt., ASCE, 121(3), 273-281. 
297. Hertsman, Z. and Ellis, R. (1990). "Research of factors influencing 
construction productivity". Journal of construction management and 
economics, 8, 49. 
298. Hetland, P.W. and Fevang, H.J. (1997). Exploring the value of project 
complexity - beyond lump sum contracting. In: Kahkonen K, Artto K.A., 
editors. Managing Risks in Projects. E and FN Spon, London, ISBN 0 
0419 6, 149-158. 
299. Hillabrandt, P.M. and Cannon, C. (1990). The Modern Construction Firm 
Macmillan, London. 
300. Hiisop, R.D. (1991). "A construction safety program." Professional safety, 
American Society of Safety Engineers, Des Plaines, III, 15-20. 
301. Hinze, J. (1991). "Indirect costs of construction accidents". Source 
Document 67, Constr. Industry Inst., Austin, Tex. 
302. Hinze, J. (1998). Construction planning and scheduling. Prentice Hall, 
Inc., Upper Saddle River, N.J. 
303. Hirschey, M. Pappas, J.L. (1998). Fundamentals of managerial economics, 
Chicago: Dreyden Press, 4. 
304. Hobbs, B. (2001). Private communication. 
305. Honey, P. and Mumford, A. (1986). The manual of learning styles. Peter 
Honey, Maidenhead, U.K. 
306. Honey, P. and Mumford,A. (1989a). The Manual of learning opportunities, 
P. Honey and A. Mumford, Maidenhead, U.K. 
306 
307. Honey, P.a nd Mumford, A. (1989b). 'Trials and tribulations". Education 
Guardian, Manchester, U.K., December 19, 4. 
308. Howell, G.A. (1999). "What is lean construction - 1999". Proc. 7"" Annu. 
Conf. Of Int. Group for Lean Constr., I.D. Tommelein and G. Ballard, 
eds., 1-10. 
309. Howick, S., Eden, C. (2001). Using system dynamics to explore the role of 
disruption and delay in the cost of compressing large projects. Journal of 
the Operational Research Society, 51(1), 26-34. 
310. Hubbard, D. (1990). "Successful utility project management from lessons 
learned". Project management journal, 11(3), 19-23. 
311. Hunter, A. (1995). SUGAL programming manual, Sunderland, U.K. 
312. Hunter, A. (1996). SUGAL user manual, Sunderland, U.K. 
313. Huovila, P., Koskela, L. and Lautanala, M. (1994). Fast or Concurrent : 
The Art of Getting Construction Improved Proceedings of the 2"^ * 
International Conference on Lean Construction, Santiago, Chile. 
314. Hutton, M. (1989). "Learning from action: A conceptual framework". 
Making sense of experiential learning, S. Warner Weil and 1. McGill. eds.. 
The Society for Research into Higher Education and Open University 
Press, Buckingham, U.K., 50-59. 
315. lAAS, (1982). Design decision making in architectural practice. Research 
Paper 19. 
316. Ibbs, C.W. and Ashley, D.B. (1987). "Impact of various construction 
contract clauses". J. Constr. Engrg. and Mgmt., ASCE, 113(3), 501-521. 
317. Ibn-Homaid, Naief, T. (1995). A knowledge-based systems approach 
materials management for large construction projects, Ph.D. thesis. 
Department of Civil Engineering, University of Toronto, Toranto, Canada. 
318. Institution of Civil Engineers (ICE) and Faculty and Institute of Actuaries 
(1998). Risk analysis and management for project (RAMP), London, UK, 
Thomas Telford. 
319. loannou, P.G. (1998). "Bidding models - Symmetry and state of 
information". J. Constr. Eng. Manage., 114(2), 214-232. 
320. ISO 9000: does it works? A report by Manchester Business School, 1995. 
321. Jaafari, A. and Mateffy, V.K. (1990). "Realistic model for equipment 
replacement". J. Constr. Engrg. Manage., 116(3), 514-532. 
307 
322. Jackson and Powell. (1992). Profesional Negligence, 3'''' ed. Sweet and 
Maxwell, London. 
323. Jaselskis, E.J. and Ashley, D.B. (1991). "Optimal allocation of project 
management resources". J. Constr. Engrg. and Mgmt., AStE, 117(2), 602-
671. 
324. Jaselskis, E.J. and Ashley, D.B. (1991). "Optimal alloqation of project 
management resources for achieving success". J. Constr. Engrg. and 
Mgmt.,ASCE, 117(2), 321-340. 
325. Johns. T. (1995). Managing the behavior of people woi^ king in teams -
Applying the Project Management Methods, International Journal of 
Project Management, 13(1). 
326. Johnson, R. (1992). "Resource constrained scheduling capabilities of 
commercial project management software". Proj. Mgmt. J., 22(4), 39-43. 
327. Jones, A.R. (1987). CI/SfB construction indexing manual. Royal Institute 
of British Architects (RIBA) Publications Ltd., London. U.K. 
328. Jorgensen, T., Wallace, S.W. (2000). Improving project cost estimation by 
taking into account managerial flexibility. European Journal of 
Operational Research, 127, 239-51. 
329. Jupp, B.C., and McMillan, V. (1981). "The reliability of cost data". Proc. 
Cost Forum Conf, School of Constr., South Bank University, London. 
330. Juran, J.M. (1993). "Why quality initiatives fall". J. Business Strategy, 
14(4), 35-38. 
331. Kaiser, J.M. and Woodhead, R.W. (1971). "A decision network approach 
to construction management". Construction Research Series No. 15, Univ. 
of Illinois, Urbana, III. 
332. Kallo, G.G. (1996). "The reliability of critical path method (CPM) 
techniques in the analysis and evaluation of delay claims". Cost Engrg. 
38(5), 35-37. 
333. Kang, L.S. and Paulson, B.C. (1997). "Adaptability of information 
classification system for civil works". J. Constr. Engrg. and Mgmt., ASCE, 
123(4), 419-426. 
334. Kangari, R., Lucas, C.L. (1997). Managing international operations: a 
guide for engineers. Architects and Construction Managers, USA, ASCE. 
335. Kasen, B. and Oblas, V. (1996). "Thinking ahead with forward pricing". J. 
Mgmt. in Engrg., ASCE,1 2(2). 
308 
336. Katzenbach, J. and Smith, D. (1993). The Discipline of Teams, Harvard 
Business Review, April. 
337. Keifer, S. (1996). "Scope creep... not necessarily a bad thing". PM 
Network, Project Management institute. Upper Darby, Pa., (X)5. 
338. Kelly, J.E. (1961). "Critical path planning and scheduling: Mathematical 
basis". Operations Res., 9(3), 167-179. 
339. Kelvin, F.C. and Lynch, R.L. (1992). "For good measure". CMA Mag., 
April, 20-23. 
340. Kerr and Clark (1965) "Labor Markets: Their Character and 
Consequences", reprinted in Richard A. Lester,Labor: Readings on Major 
Issues,Random House,New York,pp.292-306. 
341. Kerridge, A.E. (1987). Manage material effectively, hydrocarbon 
processing Part I and 11 66, May & June, 63-71, 67-70. 
342. Kervin, J.B. (1992). "Methods for business research". Harper collins 
publishers. 
343. Kerzner, H. (1987). In search of excellence in project management. 
Journal of Systems Management, 30-39. 
344. Kerzner, H. (1994). Project management. New York: Van Nostrand, 602. 
345. Kerzner, H. (1995). Project Management - A Systems Approach to 
Planning, Scheduling and Controlling, 5"^  ed. Van Nostrand, Reinhold. 
346. Kerzner, H. (2000). Applied project management. Best practices 
implementation. New York: John Wiley. 
347. Khattab, M.M., Soyland, K. (1996). Limited-recourse allocation in 
construction projects. Proceedings of the 19"^  International Conference on 
Computers and Industrial Engineering, Miami, FL. 
348. King, W.R and Cleland, D.I. (1983). Life cycle management". In project 
management handbook, eds. D.I. Cleland and W.R. Kings, New York, 
209-221. 
349. Kirk, R.E., Othner, D.F. (eds) ((1996). Encyclopaedia of chemical 
technology, vol. 20, New York: Wiley, 129-74. 
350. Kirmani, S., Baum, W.C. (1992). The consulting professions in developing 
countries: a strategy for development. Washington, DC. The World Bank. 
351. Klein, R. (2000). Scheduling of resource-constrained projects. Boston: 
Kluwer Academic Publishers. 
309 
352. Klir, G.J., Yuan, B. (1994). Fuzzy heuristic metiiod for resource-
constrained project scheduling. Project Management Journal, XXV: 12-18. 
353. Kloppenborg, T.J., Opfer, W.A. (2000). Forty years of project 
management research: trends, interpretations and predictions. Proceedings 
of PMI research conference paris project management institute. Paris: 
Project Management Institute. 
354. Klump, E.(1975). "Past and future of construction equipment - Part 11", J. 
Constr. Div. Am. Soc. Civ. Eng., 101(4), 689-698. 
355. Knoke, J.R., and Jentzen, G.H. (1994). "Facilitate delay claim with built 
schedule databases". Computing in civil engineering, Khozeimeh, ed,, 
ASCE, Reston, Va., 2104-2111. 
356. Knotke, J.R. and Spittier, J.R. (1990). "Direct range estimating for change 
orders". Trans., AACE, Morgantown, W.Va., M.3.1-M.3.11. 
357. Kob, D.A.(1985). Learning Style Inventory: Technical manual. Revised 
Ed., McBer & Co., Boston. 
358. Koehn, E. and Ahmed, M.U. (1999). "Production rates for international 
projects in Asia". Cost Engrg., 41(8), 34-44. 
359. Koehn, E. and Brown, G. (1985). "Climatic effects on construction". J. 
Constr. Engrg. and Mgmt., ASCE, 111(2), 129-137. 
360. Koehn, E. and Regmi, D.C. (1991). "Labor cost calculations in 
international construction". Trans. Am. Assn. Of Cost Engrs., 0.2.1-0.2.5. 
361. Koehn, E., Caplan S. (1987). "Work improvement data for small and 
medium size contractors". J. Constr. Engrg. and Mgmt. ASCE, 113(2), 
327-39. 
362. Kolb, D.A. Rubin, K.M. and Mclntyre, J.M. (1979). Organisational 
psychology: An experimental approach, 3 '^'.Ed., Prentice Hall Englewood 
Cliffs, NJ. 
363. Kolisch, R. (1996). Efficient priority rules for the resoui'ce-construction 
project scheduling problem. Journal of Operations Management, 14: 79-
92. 
364. Kolisch, R. (1996). Serial and parallel resource-constrained project 
scheduling methods revisited: theory and computation. European Journal 
of Operation Research, 90, 320-33. 
365. Kolish, R. (1999). Resource allocation capabilities of commercial project 
management software packages. Interfaces, 29(4), 19-31. 
310 
366. Koulamas, C. (1998). "A new constructive heuristic for the flowshop 
scheduling probolem". Eur. J. Operational Res., Amsterdam, 105, 66-71. 
367. Kraiem, Z.I. and Diekmann, J.E. (1987). "concMrrent delays in 
construction projects". J. Constr. Engrg. and Mgmt., ASCE, 113(4), 591-
602. 
368. Krizan,W. (1996). "Labor: Stability survives hiring boom". Engrg. News 
Rec. 234(37), 35. 
369. Kumaraswamy, M.M. (1998). Industr>' development through creative 
project packaging and integrated management. Engineering, Construction 
and Architectural Management, 3, 228-37. 
370. Kumaraswamy, M.M., Chan, D.W.M. (1995). Determinatns of 
construction duration. Construction Management and Economics, 13, 
209-17. 
371. Kumaraswamy, M.M., Chan, D.W.M. (1998). Contributors to construction 
delays. Construction Management and Econom ics, 16, 11-29. 
372. Lackritz, J.R. (1997). "TQM within FORTUNE 500 corporations". Quality 
Progress, February, 69-72. 
373. Laertius, D. (1971). Lives of the philosophers. Chicago: Regnery, 37. 
374. Lam, K.C., Gibb, A.G.F. and Sher. W.D., (1997). Selection of 
Procurement Paths for Highly Serviced Hospital Buildings: Proceedings of 
the CIB W-92 Procurement Symposium. Procurement - A Key to 
Innovation, University of Montreal, Montreal, Canada, 21^ '-25'*^  May, 345-
355. 
375. Larkin, F.J. and Wood, S. (1975). "Past and future of construction 
equipment - Part I". J. Constr. Div. Am. Soc. Civ. Eng., 101(2), 309-315. 
376. Laster, A. (1991). Project planning and control. 2"** ed. London: Butter-
Worth Heinemann. 
377. Latour, B. (1987). Science in action. Cambridge, MA: Harvard University 
Press. 
378. Latour, B. (1993). We have never been modern. Cambridge; MA: Harvard 
University Press. 
379. Laufer, A. (1985). "On site performance improvement programs". J. 
Constr. Eng. Manage., 111(1), 82-97. 
311 
380. Laufer, A. (1991). "Coping with uncertainty in project planning: A 
diagnostic approach". The Australian Proj. Mgr., 11(3), 11-15. 
381. Laufer, A. and Cohenca, D. (1990). "Factors affecting construction 
planning outcomes". J. Constr. Engrg. and Mgmt., ASCE, 116(1), 135-
156. 
382. Laufer, A. and Jenkins, D. (1982). "Motivating construction workers". 
Journal of the construction division, ASCE, 108(4), 531-545. 
383. Laufer, A. and Tucker, R.L. (1987). "Is construction project planning 
really done its job? A critical examination of focus, role and processes". 
Constr. Mgmt. and Economics, 5, 243-266. 
384. Lawson, B. (1990). How designers think, 2"^^ edn. Butterworth 
Architecture, Cam.bridge. 
385. Leach, L. (1997). The critical chain project management's field book. 
Quality Systems, 28-33. 
386. Leach, L.P. (2000). Critical chain project management, Artech House Inc. 
Boston. 
387. Lee, B.H. (1990). "A study on the project information classification 
system". Bulletin of Chungang University, Vol. 13, Seoul, Korea, 263-
295. 
388. Lee, J.K. and Kim, Y.D. (1996). "Search heuristics for constrained project 
scheduling". J. Oper.Res. Soc, 47(5), 678-689. 
389. Leffingwell, R. (1997). Caterpillar dozers and tractors, Lowe and B. 
Hould. Ann Arbor, Mic. 
390. Leigh, A. (1988). "Effective change - twenty ways to mgke it happen". 
Institute of personnel management, London. 
391. Leonard, C. (1988). The effects of change orders on productivity. 
Concordia University, Montreal, Quebec, Canada. 
392. Levinthal, D.A. (1991). "Organizational adaptation and environmental 
selection". Organization Sci., 2(1), 307-333. 
393. Lewis, J.P. (1993). The project manager's desk reference - a 
comprehensive guide to project planning. Scheduling Evaluation Control 
and Systems. Golden Books, Center Sdn Bhd by arrangement with Prabos 
Publishing Co. 
1-^IWlltVIII.FVl ^rg, S. (2000). Proactive management of uncertainty using the 
successive principle. A practical way to manage opportunities and risks. 
Lyngby: Polyteknisk Press. 
396. Liou, F.W. and Borcherding, J.D. (1986). "Work sampling can predict unit 
rate productivity". J. Constr. Engrg. and Mgmt., ASCE, 112(1), 90-103. 
397. Livesay, H.C. (1996). "Human factors in the innovation process". 
Technovations, 16(4), 173-186. 
398. Lock, D. (1992). Project Management, 5"' edn. Gower. 
399. Logcher, R.D. (1989). "Discussion of 'Concurrent delays in construction 
projects'." J. constr. Engrg. and Mgmt.. ASCE, 115(2), 335-337. 
400. Loosemore, M. (1996). "Crisis management in building projects - A 
longitudinal investigation of communication and behaviour patterns 
within a grounded theory framework". Unpublished Ph.D. thesis. 
University of Reading, U.K. 
401. Lorterapong, P., Moselhi, O. (1996). Project-network analysis using fuzzy 
sets theory. Journal of Construction Engineering and Management, 122(4), 
308-18. 
402. Love, P.E.D. and Gunasekaran, A. (1997). Concurrent engineering in the 
construction industry. International Journal of Concurrent Engineering 
Research and Applications, 5(2), 155-162. 
403. Love, P.E.D. and Mohamed, S. (1996). Project management: the key to 
procuring fast buildings. Asia Pacific Building and Construction 
Management Journal, 2, 1-6. 
404. Love, P.E.D., Mohamed, S., Wyatt, A. and Tucker, S.N. (1996). 
Concurrent Engineering: A multi-disciplinary Approach to Construction. 
International Conference on Urban Engineering in Asian Cities in the 2P^ 
Century, 20"'-23''' November Bangkok,Thailand, 232-238. 
405. Lovell. R.B. (1980). Adult learning, Croom Helm, London. 
406. Low, S.P. and Chan, Y.M. (1997). Managing productivity in construction. 
JIT operations and measurements. Ashgate Publishing Co., Brookfield, Vt. 
407. Lu, M. (2001). "Productivity studies using advanced ANN models". Ph.D. 
thesis, Univ. of Alberta, Edmonton, Alberta, Canada. 
313 
408. Lu, M., and AbouRizk, S.M. (2000). "Simplified CPM/PERT simulation 
model". J. Constr. Eng. Manage., 126(3), 219-226. 
409. Luehrman, T.A. (1997). "What's it worth? A general manager's guide to 
valuation". Harvard Business Rev. 75(3), 132-142. 
410. Lumby, S. (1984). Investment appraisal, 2"" Ed., Van Nostrand Reinhold, 
Wokingham, Berkshire, U.K. 
411. Lundin, R.A., Soderholm, A. (1995). A theory of the temporary 
organization. Scandinavian Journal of Management, 11(4), 437-55. 
412. Luthans, 1., Hadgetts, R. and Rosenkrantz, S. (1988). Real Managers. 
Cambridge, M.A. Ballinger. 
413. Macey, S.L.and Drucker P.P. (1999). Management challenges for the 21 '^ 
century. New York: Harper Business. 
414. Maio, C, Schexnayder, C, Knutson, K. and Weber, S. (2000). 
"Probability distribution function for construction simulation". J. Constr. 
Eng. Manage., 126(4), 285-292. 
415. Male, S. (1984). "A critical investigation of professionalism in quantity 
surveying". Ph.D. thesis, Herriot-Watt University, U.K. 
416. Maloney, W.F. and McFillen, J. (1985). "Valence of and satisfaction with 
job outcomes". J. Constr. Engrg. and Mgmt., ASCE, 111(1), 53-73. 
4P . Maloney, W.F. and McFillen, J.J. (1987). "Motivational impact of work 
crews". J. Constr. Eng. Manage., 113(2), 208-221. 
418. Manfield, N.R., Ugwu, O.O., Doran, T. (1994). Causes of delay cost over 
runs in Nigerian construction projects. International Journal of Project 
Management, 12,254-60. 
419. Manual for Evaluation of Industrial Projects. (1979). UNIDO. 
420. March, J.G. and Shapira, Z. (1987). "Managerial perspectives on risk and 
risk taking". Mgmt. Sci., 33. 
421. Maroto, C, Tormos, P., Lova. A. (1998). The evolution of software quality 
in project scheduling. Chapter 11. In: Weglarz J. editor, Project 
scheduling-recent models. Boston: Kluwer Academic Publishers, 239-59. 
422. Martin, C.J. (1991). Labour productivity control. Praeger Publishers, New 
York. 
314 
423. Martinez, J.C. (1996). "STROBOSCOPE: State and resource based 
simulation of construction processes". Ph.D. dissertation, University of 
Michigan, Ann Arbor, Mich. 
424. Masterformal-manual of practice (MP2-1) (1993). Construction 
specification Institute / Construction Specifications Canada (CSI/CSC). 
Alexandria, Va. 
425. Mathews, M. (1994). Resource scheduling: incorporating capabilities 
schedule construction. Project Management Journal, 25(2), 44-54. 
426. Mattila, K.G. (1997). "Resource leveling of linear schedules: A 
mathematical approach using integer linear programming". Ph.D. thesis, 
Purdue Univ. West Lafayette, Ind. 
427. Mawdesley, M. (1973). Resource Scheduling, Ph.D. thesis, University of 
Nottingham: Department of Civil Engineering. 
428. Mawdesley, M.J. and Askew, W.H. (1991). "Automating project 
scheduling - a case study". Preparing for Construction in the 21"' Century: 
Proc, Construction Congress '91, ASCE, New York, 360-365. 
429. Maylor, H. (1996). Project Management, Pitman Publishing. 
430. McCabe, D.L and Naryanan, V.K. (1991). "The life cycle of the PIMS 
and BCG models". Industrial Marketing Mgmt., 20, 347-352. 
431. McGregor, D. (1960). "The human side of enterprise". McGraw Hill, New 
York. 
432. Mcintyre, C. (1996). "A decision support system for the residential land 
development site selection process". Ph.D. thesis, Pennsylvania State 
Univ., University Park, Pa. 
433. Mcintyre, C, Parfit, M.K. and Willenbrock, J.H. (1994). "A residential 
land development model". H.R.C. Res. Ser. Rep. No. 28. Pennsylvania 
State Univ., University Park, Pa. 
434. McKim, R., Hegazy, T., Attalla, M. (2000). Project performance control in 
reconstruction projects. Journal of Construction Engineering and 
Management, 126(2), 137-41. 
435. McKim, R.A. and Kiani, H. (1995). "Applying total quality management 
to the North Ameircan Construction Industry". Cost Engrg. 37(3), 24-28. 
436. Meredith, J.R. and Mantel, S.J. Jr. (1989). Project Management - A 
Managerial Approach, 2"^ edn. John Wiley and Sons. 
315 
437. Merritt, S.L. and Marshall, J.C. (1984). "Reliability and construct validity 
of ipsative and normative forms of the Learning Style Inventory" 
Educational and Psychological Measurement, 44,463-472. 
438. Meyer, W.L. and Shaffer, L.R. (1965). "Extending CPM for multiform 
project time-cost curves. J. Constr. Div. ASCE, 91(1), 45-67. 
439. Meyers, J. (1994). "Changes resulting from delays". Construction Change 
Order Claims. John Wiley and Sons, Inc., Somerset, N.J. 
440. Mezher, T.M. Tawil, W. (1998). Causes of delays in the construction 
industry in Lebanon. Engineering Construction and Architectural 
Management Journal, 5(3), 251-60. 
441. Microsoft Project (1995). Reference manual, ver. 4.1 for Windows 95. 
Microsoft Corporation, Redmond, Wash. 
442. Miles, R.E. and Snow, C.C. (1984). "Designing strategic human resources 
systems". Organizational Dynamics, 36-52. 
443. Miles, R.H. and Cameron, K.S. (1982). Coffin Nails and Corporate 
Strategies. Englewood Cliffs New Jersey. Prentice Hall. 
444. Miller, D. (1993). "The architecture of simplicity". Academy Mgmt. Rev. 
18(1), 116-138. 
445. Miller, R.W. (1983). Schedule, cost and project control with PERT, 
McGraw Hill, New York. 
446. Miller. R.W., (1962). How to plan and control with PERT. Harvard 
Business Review, 93-104, Mar/Apr. 
447. Mintzber, H., "Planning on the left side and managing on the right side". 
Harvard Business Review, 54(2), 49-58. 
448. Mintzberg, H. (1979). The Structuring of Organisations: a synthesis of 
research. Prentice Hall Inc. Englewood Cliffs, NJ. 
449. Mintzberg, H. (1994). "The fall and rise of strategic planning". Harvard 
Business Rev. 72(1), 107-114. 
450. Mitchell, M. 1998). An introduction to genetic algorithsms, MIT Press, 
Cambridge, Mass. 
451. Mitropoulos, P. and Tatum, C.B. (1999). "Technology adoption decisions 
in construction organizations". J. Constr. Engrg. and Mgmt., ASCE, 
125(5), 330-338. 
316 
452. Mlakar, P.F. and Bryant, L.M. (1992). "Direct range cost estimating". Cost 
Engrg., 34(12), 7-12. 
453. Moder, J.J., Phillips, C.R. and Davis, E.W. (1983). Project management 
with CPM, PERT and precedence diagramming. Van Nostrand Reinhold, 
New York. 
454. Moder, J.J., Phillips, C.R., Davis, E.W. (1993). Project management with 
CPM, PERT and precedence diagramming. New York: Van Nostrand 
Reinhold. 
455. Modem Management Systems. (1983). "Business Roundtable's 
Construction Industry Cost effectiveness Project". Rep. A6. The Business 
Roundtable, New York. 
456. Mohsini, R.A. and Davidson, C.H. (1992). "Determinants of performance 
in the traditional building process". Constr. Mgmt. and Economics, 
London, 10(4), 343-359. 
457. Monte Carlo. Version 2.0. (1993). Primavera Systems, Inc., Bala Cynwyd, 
Pa. 
458. Monvenzadeh, F., Hagopian, F. (1984). The construction industry and 
economic growth. Asian National Development, June/July, 50-60. 
459. Moore, D.S. (1995). The basic practice of statistics, 2"'^  Ed., Freeman, 
New York. 
460. Morris, P.W.G. (1994). The management of projects. London: Thomas' 
Telford. 
461. Morris, P.W.G. (1997). The management of projects. 2"'' ed. London: 
Thomas Telford. 
462. Morris, P.W.G. (1997). The management of space projects. London: 
Thomas Telford, 213. 
463. Morris, P.W.G. and Hough, G.H. (1987). The Anatomy of Major Projects: 
A Study of the Reality of Project Management. John Wiley and Sons. 
464. Morse, J.J. and Wagner, F.R. (1978). "Measuring the process of 
managerial effectiveness". Acad. Of Mgmt. J., 21(1), 23-35. 
465. Moselhi, O. (1997). "Risk assessment and contingency 
estimating". Trans., AACE Int. 
317 
466. Moselhi, O., and Dimitrov, B. (1993). "Discussion of 'Monte Carlo 
technique with correlated random variables', by Ali Touran and Edward P. 
Wiser". J. Constr. Eng. Manage., 119(3), 658-660. 
467. Moselhi, O., Gong, D. and El-Rayes, K. (1997). "Estimating weather 
impact on duration of construction activities". Can. J. Civ. Engrg., Ottawa, 
24(3), 359-366. 
468. Moselhi, O., Hegazy, T. and Fazio, P. (1991). "Neural networks as tool in 
construction". J. Constr. Engrg. and Mgmt., ASCE, 117(4), 606-625. 
469. Moselhi, O., Hegazy,T. and Fazio, P. (1993). "DBID: Analogy-based DSS 
for bidding in construction". J. Constr. Eng. Manage., 119(3), 466-479. 
470. Moselhi, O., Leonard, C. and Fazio, P. (1991). "Impact of change orders 
on construction productivity". Can. J. Civ. Engrg., 18(3). 
471. Moselhi, O., Lorterapong, P. (1993). Near optimal solution for 
reconstrained scheduling problems. Construction Management Economics, 
11:293-303. 
472. Mulholland, B., Christian, J. (1999). Risk assessment in construction 
schedules. Journal of Construction Engineering and Management, 125(1), 
8-15. 
473. Mumford, A.C. (1980). Making experience pay - Management success 
through effective learning, McGraw Hill. London. 
474. Munns. A.K. and Bjeirmi (1996). The role of project management in 
achieving project success. International Journal of Project Management, 
14(2), 8r-87. 
475. Murray-Webster, R., Thirty M. (2000), Managing programmes of projects. 
In: Turner JR. Simister SJ, editors. The Gower handbookof project 
management. 3 '^' ed. Aldershot: Gower, 46-64. 
476. Mustapha, F. (1990). "Who are the effective construction managers and 
what skills do they bring to their work"? Ph.D. thesis, Bath University, 
England. 
477. Mustapha, F. and Langford, D (1990). Journal of the construction 
division, ASCE, 102(3), 497-509. D. (1990). "What do effective 
construction site managers bring to their work"? CIB-W65, Mar, Sydney, 
Australia. 
478. Naim, M. Naylor, J. and Barlow, J. (1999). "Developing lean and agile 
supply chains in the UK house-building industry". Proc, 7* Annu. Conf. 
318 
of Int. Group for Lean Constr., Berkeley, Calif., I.D. Tommelein and G. 
Ballard, ed.s, 159-170. 
479. Nallikarl, M. (1995). "Multiskilled work teams". J. Ship Production, 11(4), 
239-244. 
480. Nam, C.H. and Tatum, C.B. (1989). "Toward understanding of product 
innovation process in construction". Journal of Construction Engineering 
and Management, ASCE, 115(4), 517-534. 
481. Nam, C.H. and Tatum, C.B. (1992). "Noncontractual methods of 
integration". Journal of Construction Engineering and 
Management, ASCE, 118(2), 385-398. 
482. Naoum, S. (1989). "An investigation into the performance of management 
contracts and the traditional method of building procurement". Ph.D. 
thesis, Brunei University, England. 
483. Naoum, S. (1994). "Critical analysis of time and cost of management and 
traditional contracts". ASCE, Journal of construction engineering and 
management, 120, 687-705. 
484. Naoum, S. and Hackman, J. (1996). "Do site managers and the head office 
perceive productivity factors differently". Journal of Engineering 
Construction and Architectural Management. 3/1(2), 147-160. 
485. National Association of Home Builders Research Center (NAHBRC). 
(1989). "Building better homes at lower cost: The industry implementation 
plan for the residential national construction goals". Rep. Prepared for U.S. 
Dept. of Housing and Urban Devel., Upper Marlboro. Md. 
486. National Building Specification (NBS) Services Ltd. (1996). "Unified 
classification for the construction industry". Re., Draft manual, London, 
U.K. 
487. National Electrical Contractors Association (NECA) (1974). "The effect of 
temperature on proeductivity". Rep. No. 5072, Washington, D.C. 
488. National Institute of Standards and Technology (NIST). (1994). "Rationale 
and preliminary plan for federal research for construction and building". 
Rep. NISTIR 5536, Subcommittee on Construction Building. 
489. Navon, R. and McCrea, A.M. (1997). "Selection of optimal construction 
robot using genetic algorithsms". J. Comput. Civ. Eng., 11(3), 175-183. 
490. NEDO (1988). Faster building of commerce. Millbank, London (UK): 
National Economic Development Office (NEDO). 
319 
491. NEDO. (1983). Faster building for industry. Millbank, London, (UK). 
National Economic Development Office (NEDO). 
492. Nee, P.A. (1996). ISO-9000 in Construction. New York: John Wiley and 
Sons. 
493. Neil, J.N. (1986). "Project control for engineering". Publication NO. 6, 5, 
Construction Industry Institute, Austin, Tex. 
494. Neil, J.N. (1987). "Project control for construction". Publication No. 6, 5, 
Construction Industry Institute, Austin, Tex. 
495. Neumann, K., Schwindt, C, Zimmermann, J. (2002). Project scheduling 
with time windows and scarce resources - temporal and resource 
constrained project scheduling with regular and nonregular objective 
functions. Lecture Notes in Economics and Mathematical Systems, 508, 
Berlin; Springer. 
496. New South Wales Government. (1992). Royal Commission into 
Productivity in the Building Industry in New South Wales. Vols. 1-10, 
Sydney, Australia. 
497. Nicholas, J.M. (1990). Management of Business and Engineering Projects. 
Prentice Hall. 
498. Nkado, R.N. (1992). Construction time information system for the 
building industry. Construction Management and Economics, 10, 489-509. 
499. Nonaka, 1. (1990). "Redundant, overlapping, organizations: A Japanese 
approach to managing the innovation process". Calif. Mgmt. Rev., 32, 27-
28. 
500. Norusis, M.J. (1993). SPSS for Windows, base system user's guide, lease 
6.0, PSPSS Inc., Chicago, III. 
501. Norusis, M.J. (1994). SPSS Advanced Statistics 6.1. SPSS Inc., Chicago. 
502. Nunally, S.W. (2000). Managing construction equipment, T^ ed. Prentice 
Hall, Upper Saddle River, N.J. 
503. O'Brien, J.J. (1993). CPM in Construction Managemnt, McGraw-Hill, 
USA. 
504. O'Brien, J.J., Zilly, R.G. (1991). Contractor's management handbook. 
New York: McGraw Hill. 
320 
505. O'Brien, M.J., and Wilmott, A.A. (2001). "Planned inspection 
maintenance". The Whole-life Performances of Facades Proc. of Bath, 
Bath, U.K. 
506. O'Brien, W.J. (1998). "Capacity costing approaches for construction 
supply-chain management". Ph.D. dissertation, Stanford University, 
Stanford, Calif. 
507. O'Brien, W.J., Fischer, M.A. and Jucker, J.V. (1995). "An economic view 
of project coordination". Constr. Mgmt. and Economics, 13(5), 393-400. 
508. O'Connor, J.T. and Vickroy, C.G. (1986). "control of construction project 
scope". Source Document 6, Construction Industry Institute. 
509. O'Connor, J.T., Ryseh, S.E. and Schulz, M.J. (1987). "Construction 
concepts for engineering and procurement". J. Constr. Eng. Manage., 
113(2), 235-248. 
510. Oberlender, G.D., et al. (1998). "Improving early estimates - Best 
practices guide". Implementation Resource 131-2. Constt-uction Industry 
Institute. 
511. Oberlender, G.D., et al. (1998c). "Improving early estimates source 
document". Research Rep. 131-11, Construction Industry Institute, Austin, 
Texas. 
512. Oberlender, G.E., et al. (1998a). "Improving early estimates". Research 
Summary 131-1, Construction Industry Institute, Austin, Texas. 
513. Oberlender. G.E., et al. (1998b). "Improving early estimates - Best 
practice guide". Implementation Resource 131-2, Construction Industry 
Institute, Austin, Texas. 
514. Oglesby, C.H. (1990). "Dilemmas facing construction education and 
research in 1990s". J. Constr. Engrg. and Mgmt., ASCE, 116(1), 4-17. 
515. Oglesby, C.H., Parker, H.W. and Howell, G.A. (1989). Productivity 
improvement in construction, l" Ed., McGraw Hill, New York. 
516. Ogunlana, S.O. (1991). "Learning from experience in design cost 
estimating". Constr. Mgmt. and Economics, London, 9(3), 133-150. 
517. Oh, K.H., Harris, H.G. and Hamid, A.A. (1993). "New Interlocking and 
mortarless block masonry units for earthquake resistant structures. Proc. 
6"" North Am. Masonry Conf., 821-836. 
321 
518. Okpala, D., Aniekwu, A. (1988). Causes of high costs of construction in 
Nigeria. Journal of Construction Engineering and Management, 114(2), 
233-45. 
519. Olu, O. (1991). "Learning from experience in design cost estimating". 
Constr. Mgmt. and Economics, London, 9(2), 133-150. 
520. Orlicky, J. (1975). Materials requirement planning. USA: McGraw Hill. 
521. Orvis, W.J. (1996). Excel for scientists and engineers, 2"'' ed., Sybex, San 
Francisco. 
522. Oxiey, R., Poskit, J. (1996). Management Techniques Applied to 
Construction Industry, London: Blackwell Science. 
523. Ozdamar, L., Ulusoy, G. (1994). A local constraint based analysis 
approach to project scheduling under general resource constraints. 
European Journal of Operational Research, 79,287-98. 
524. Panagiotakopoulos, D. (1977). "Cost-time model for large CPM project 
networks", J. Constr. Engrg. And Mgmt., ASCE, 103(2), 201-211. 
525. Pankratz, A. (1983). Forecasting with univariate Box-Jenkins models. John 
Wiley & Sons, Inc., New York. 
526. Park, K.S. (1996). "Economic growth and multiskilled workers in 
manufacturing". J. Labor Econ., 14(2), 254-285. 
527. Pascoe, T.L. (1965). An Experimental Comparison of Heuristic Methods 
for Allocating Resources, Ph.D. thesis, Cambridge: University 
Engineering Dept. 
528. Pask, G. (1976). "Styles and strategies of learning". British J. Educational 
Psychology. London, 46, 128-148. 
529. Pask, G. (1988). "Learning strategies, teaching strategies, and conceptual 
or learning style". Learning strategies and learning styles, R.R. Schmeck, 
ed.. Plenum Press, New York, 83-100. 
530. Patton, M.Q. (1986). Utilization focused evaluation, 2"** Ed., Sage, New 
York. 
531. Patton, M.Q. (1986). Utilization focused evaluation, 2"'' ed.. Sage, New 
York. 
532. Paulson, B.C. (1995). Computer applications in construction. McGraw Hill 
Inc., New York, N.Y., 409-410. 
322 
533. Pdritsker, A.A.B., Happ, W. (1966). GE, GERT: graphical evaluation and 
review technique. Part I: Fundamentals. J. Indust. Eng. 17(5), 267-74. 
534. Peters, T.J., and Watemran, R.W., Jr. (1982). In search of excellence: 
Lessons from America's best run companies. Harper & Row. New York. 
535. Petersen, N. (1991). "Selecting project managers: An integrated list of 
predictors". Project management journal, 2(22), 21-26. 
536. Phillips, R.C. (1988). "Managing changes before they destroy your 
business". Training and development journal, 42(9), 66-71. 
537. Pinto, J.K. and Prescott, J. (1988). "Variations in success factors over the 
stages in the project life cycle". Journal of management, 14(1), 5-18. 
538. Plossl, G.W. (1994). Orlicky's material requriement planning. USA, 
McGraw Hill. 
539. PMI. (2000). A guide to the project management body of knowledge, 4'^  
ed. Newton Square, PA: Project Management Institute. 
540. Portas, J. and AbouRizk, S. (1997). "Neural network model for estimating 
construction productivity". J. Constr. Engrg. and Mgmt., ASCE, 123(4), 
399-410. 
541. Porter, M.E. (1979). "How competitive forces shape strategy". Harvard 
Business Rev. 57(2), 137-145. 
542. Prasad, B. (1996). Concurrent Engineering Fundamentals: Integrated 
Product and Process Organisation. Vol. 1 Upper Saddle River, NJ, Prentice 
Hall PTR, Inc. 
543. Premavera, (1995). Reference manual, ver. 1.0 for Windows. Primavera. 
Bala Cynwyd. Pa. 
544. Price, A.D., and Harris, F.C. (1985). "Methods of measuring production 
times for construction work". Chartered Inst. Of Build., 49, 1-11. 
545. Pries, F. and Janszen, F. (1995). "Innovation in the construction industry: 
the dominant role of the environment". Constr. Mgmt. and Economics, 
London, 13,43-51. 
546. Primavera Project Planner (P3) planning and control guide (1996a). 
Primavera Systems, Philadelphia. 
547. Primavera Project Planner (P3) reference manual. (1996b). Primavera 
Systems, Philadelphia. 
323 
548. Primavera project planner; version 3.0 (1999). Primavera, Bala Cynwyd, 
Pa. 
549. Pritsker, A.A.B. and Happ, W.W. (1966). GERT: graphical evaluation and 
review technique Part I. Fundamentals. Journal of Industrial Engineering, 
17,267-274. 
550. Pritsker, A.A.B. and Sigal, C.E. (1983). Management decision making: a 
network simulation approach. Prentice Hall, Englewood Cliffs, NJ. 
551. Pritsker, A.A.B., Happ, W. (1966). Whitehouse GE, GERT: graphical 
industrial engineering applications. J. Indust. Eng. 17(6), 293-300. 
552. Pritsker, A.A.B., Happ, W. White House (1966). GE, GERT: graphical 
evaluation and review technique. Part 1: Fundamentals. J. Indust. Eng. 
17(5), 267-74. 
553. Project Management Institute (1996). A Guide to the Project Management 
Body of Knowledge, PMI. 
554. Project Management Institute (2000). A guide to the project management 
body of knowledge. Upper Darby, PA: PMI. 
555. Project Management Institute. A Guide to the Project Management Body 
of Knowledge. 2000 ed. "Project risk management" ISBN 1-880410-25-7 
(CD-ROM), 2000 (chapter 11). 
556. Proudlove, N.C. Vadera, S. and Kobbay, K.A.H. (1998). "Intelligent 
management systems in operation: a review". J. Oper. Res. Soc, 49(7), 
682-699. 
557. Rad, P.F. and James, B.M. (1983). "The layout of temporary construction 
facilities". Cost Eng., 25(2), 19-27. 
558. Raftery, J., Pasadilla, B., Chiang, Y.H., Hui, E.C.M ., Tang, B.S. (1998). 
Globalization and construction industry development: applications of 
recent developments in the construction sector in Asia. Construction 
Management and Economics, 16,: 729-37. 
559. Rahbar, F.F. and Rowings, J.E. (1992). "repetitive activity scheduling 
process". Trans. Am. Assn. Cost. Eng., 2,0.5.1-0.5.8 
560. Ramsden, P. (1988). "Context and strategy: Situational influences on 
learning". Learning strategies and learning styles,R.R. Schmeck, ed. 
Plenum Press, New York, 159-184. 
324 
561. Rand, G.K. (1990). MRP, JIT and OPT. In: Hendry LC Eglese R.W. 
editors Operational research tutorial papers 1990. Birmingham, England: 
Operational Research Society, 403-36. 
562. Rao, G.N. and Grobler, F. (1995). "Integrated analysis of cost risk and 
schedule risk". Proc. Comp. in Civ. Engrg., ASCE, New York, 1404-1411. 
563. Rashid, A.A. (1993). The trend towards globalization ip business: lessons 
for contractors in developing countries. Habitat International, 17(3), 115-
24. 
564. Raz, T., Marshall, B. (1996). Effect of resource constraints on float in 
project networks. International Journal of Management, 14(4), 241-8. 
565. Reddin, W.J. (1983). "Managerial behavior, personality and situational 
characteristics". Ph.D. thesis, School of Studies in Mgmt. and Admin. 
University of Bradford Management Centre, U.K. 
566. Redman, L.V. and Mory, A.V.H. (1923). The Romance of Research, p. 10 
567. Refenes, A.P., Zapranis, A. and Francis, G. (1994). "Stock performance 
modeling using neural networks: A comparative study with regression 
models". Neural Networks, 7(2), 375-388. 
568. Rehder, R. and Ralston, F. (1984). "Total quality management: A 
revolutionary management philosophy". SAM Advanced Mgmt. J., 
Summer, 24-34. 
569. Reinschmidt, K.F. (1971). "Discrete structural optimization". J. Struct. 
Div., ASCE, 97(1), 133-156. 
570. Remenyi, D. and Heafield, A. (1996). Business Process re-engineering: 
some aspects of how to evaluate and manage thd risk exposure. 
International Journal of Project Management, 14, 349-357i 
571. RIBA (1964). Handbook of Architecture Practice and Management. RIBA 
Publications Ltd., London. 
572. RIBA. (1992). Risk management for Architects. RIBA indemnity research 
Ltd. London. 
573. Richardson, J.G. (1973). Precast concrete construction. Cement and 
Concrete Association, London. 
574. Richardson, J.T.E. (1990). "Reliability and replicability of the approaches 
to studying questionnaire". Studies in Higher Education, Oxford, U.K., 
15(2), 155-168. 
325 
575. Riley, D.R. and Sanvido, V.E. (1997). "Space planning method for 
multistory building construction". J. Constr. Engrg. and Mgmt., ASCE, 
123(2), 171-180. 
576. RISK for Project (1993). Palisade, Inc., Newfield, N.Y. 
577. Robert, F.C., John P.B. (1978). Construction business handbook. New 
York: McGraw Hill. 
578. Robertson, I.T. and Cooper, C.L. (1993). "Human behaviour in 
organisations". MacDonald and Evans, London. 
579. Rogers, A. (1986). Teaching adults. Open University Press, Buckingham, 
U.K. 
580. Rogers, L. (1990). Project team training: A proven key to organizational 
teamwork and breakthrough in planning performance". Project 
management journal. 11(2), 9-17. 
581. Rogge, D. (1981). "Foreman-delay surveys for construction sites". Ph.D. 
thesis, University of Texas at Austin, Austin, Tex. 
582. Rosenau, M.D. .Ir. (1984). Project Management for Engineers. Van 
Nostrand Reinhold. 
583. Rosenthal, R. and Rosnow, R.L. (1991). Essentials of behavioural 
research: Methods and data analysis, McGraw Hill, New York. 
584. Ross, D.F. (1998). Competing through supply chain management, 
Chapman & Hall, Upper Saddle River, NJ. 
585. Rowings, E.J. and Sonmez, R. (1996). "Labour productivity modeling with 
neural networks". AACE Trans., Paper Prod-I, American Association of 
Cost Engineers, Morgantown, W.Va. 
586. Rowland, P.W. and Curran, M.K (1991). "Range estimating in value 
engineering". Trans.. AASCE, Morgantown, W.Va., G.3.1-G.3.5 
587. Rumbaugh, J. Blaha, M., Premerlani, W., Eddy, F,. and Lorensen, W. 
(1991). Object-oriented modelling and design. Prentice Hall, Englewood 
Cliffs, N.J. 
588. Rumelhart, D.E., Hinton, G.E., and Williams, R.J. (1986). "Learning 
internal representations by error propagation". Parallel Distributed 
Processing, Vol. 1, MIT Press, Cambridge, Mass. 
326 
589. Russell, D.M. and Gau, K.Y. (1996). "Trends and perspectives: The 
facility layout problem: recent and emerging trends and perspectives". J. 
Manuf. Syst. 15(5), 351-366. 
590. Russell, J.S. (1990a). "Model for owner pre-qualification of contractors". 
J. Mgmt. in Engrg., ASCE, 6(1), 59-75. 
591. Russell, J.S. (1990b). "Surety industry: Overview". J. Mgmt. in Engrg., 
ASCE, 6(3), 323-341. 
592. Saad, H. (1996). "Multimedia applications in construction project 
management: An owner's perspective", Ph.D. dissertation, Dept. of Civl 
Engrg., University of Kentucky, Lexington, Ky. 
593. Saaty, T.L. (1980). The analytical hierarchy process. McGraw-Hill Book 
Co., Inc., New York. 
594. Sanders, S.R. and Thomas, R.H. (1993). "Masonry productivity 
forecasting model". J. Constr. Engrg. and Mgmt., ASCE, 119(1), 163-179. 
595. Saraph, V.J., Benson, P.G. and Schroeder, G.R. (1989). "An instrument for 
measuring the critical factors of quality management". Decision Sci., 
20(4), 810-829. 
596. Schcin. E.H. (1980). Organizational Psychology, 3"^  edn. Prentice Hail, 
Englewood Cliffs, NJ. 
597. Schexnayder, C.J. Jr. and Hancher, D.E. (1981). "Contractor equipment-
management Practices". J. Constr. Eng. Manage., 107(4), 619-626. 
598. Schexnayder, C.J. Jr. and Hancher, D.E. (1982). "Inflation and equipment 
replacement economics". J. Constr. Eng. Manage., 108(2), 289-298. 
599. Schoeffler, S., Buzzell, R. and Heany, D. (1974). "Impact of strategic 
planning on profit performance". Harvard Business Rev., March-April, 
137-145. 
600. Schoeffler, S.„ Buzzell, R. and Heany, D. (1974)."lmpact of strategic 
planning on profit performance". Harvard Business Rev., March-April, 
137-145. 
601. Schon, D.A. (1983). The reflective practitioner: how professionals think 
action. New York: Basic Books. 
602. Schon, D.A. (1987). Educating the reflective practitioner: trowards a 
Francisco: Jossey-Bass. 
327 
603. Schrader, C.R. (1971). "Optimum replacement life of large scrapers". J. 
Constr. Eng. Manage., 97(1), 37-52. 
604. Schuler, R. (1994). "Managing human resources", 5"' edn. West 
Publishing company. New York. 
605. Schumacher, L. (1995). "quantifying and apportioning delay on 
construction project". Cost Engrg., 37(2), 11-13. 
606. Seehof, J.M. and Evans, U.O. (1967). "Automated layout design 
program". Ind. Eng., 18, 690-695. 
607. Semple, C, Hartman, F.T. and Jergeas, G. (1994). "Construction claims 
and disputes: Causes and cost / time overruns". J. Constr. Engrg. and 
Mgmt., ASCE, 120(4), 785-795. 
608. Seymour, H. (1987). The multinational construction industry. Croom 
Helm, New York. 
609. Shannon, C.E. and Weaver, W. (1949). The Mathematical Theory of 
Communication, University of Illinois Press, Urbana. 
610. Sheehan, J.M. (1991). "Discussion of dilemmas facing construction 
education and research in 1990s, by Clarkson H. Oglesby". J. Constr. 
Engrg. and Mgmt., ASCE, 117(4), 795-796. 
611. Shockley-Zalaback, P. (1991). Fundamentals of Organisational 
Communication, Longman, New York, 7-8. 
612. Shtub, A. (1988). Integration of CPM and material management in project 
management. Construction Management and Economics, 6(4), 261-272. 
613. Siemens, N.A. (1971). A simple CPM time cost trade-off algorithm. 
Management Science, 17(6), B-354-OB-363. 
614. Simon, P., Hillson, D., Nerwland, K. (Editors). (1997). Project risk 
analysis and management guide. The Association for Project Management, 
Norwich. 
615. Skitmore, M., Pemberton, J. (1994). A multivariate approach to 
construction contract bidding mark up strategies. J. Opl. Res. Soc. 45, 
1263-72. 
616. Slaughter, H.S. (1998). "Models of construction innovation". J. Constr. 
Engrg. and Mgmt, ASCE, 124(3), 226-231. 
617. Smith, A. (1981). An inquiry into the nature and causes of the wealth of 
nations: Volume 1. Indianapolis: Liberty, 23-30. 
328 
618. Smith, N. et al. Editors (1999). Managing risk in construction projects. 
Oxford: Blackwell Science. 
619. Soh, C.K. and Yang, J. (1996). "Fuzzy controlled genetic algorithm search 
for shape optimization". J. Comput. Civ, Eng., 10(2), 143-150. 
620. Sohail, M. (1997). An investigation into the procurement of urban 
infrastructure in developing countries. Ph.D. Loughborough University. 
621. Sonmez, R. (1996). "Construction labor productivity modeling with neural 
networks and regression analysis", Ph.D. thesis, Dept. of Civ. Engrg., Iowa 
State University, Ames, Iowa. 
622. SPSS 7.5 (1997). SPSS Inc., Chicago. 
623. Stacey, R. (1992). "Managing Chaos, Kogan Page, London. 
624. Starkey, C.V. (1992). Engineering Design Decisions. Edward Arnold, UK. 
625. Steen, R.H. (1994). Five steps to resolving construction disputes without 
litigation. Journal of Management in Engineering, 10(4), 19-31. 
626. Stella, P. and Glavinich, T. (1994). Construction planning and scheduling, 
2"^ *. Ed., Associated General Contractors of America, Alexandria, Va. 
627. Stevens, A. (1979). Design management in the construction industry. 
Management in the construction industry. Chap 4, Macmillan Press Ltd., 
London. 
628. Stevens, G. and Davis, T. (1988). "How accurate are capital cost 
estimates"? Transactions of the American Association of Cost Engineers. 
B.4.1-B.4.5. 
629. Stevenson Jr., J.J. (1984). "Determining meaningful estimate 
contingency". Cost Eng., 26(1), 35-41. 
630. Steyn, H. (1996). An investigation into the fundamentals of critical chain 
project management. International Journal of Project Management, PM (in 
press). 
631. Steyn, H. (2002). "Project management application of the theory of 
constraints beyond critical chain scheduling". International Journal of 
Project Management, 20(1), 75-80. 
632. Stimpson, D. (1991). Global credit analysis. IFR Publishing Ltd., London, 
U.K. 
633. Stone, R. (1988). Management of Engineering Projects. Macmillan 
Education, London. 
329 
634. Strauss, A.L. (1994). "Qualitative analysis for social scientist". 
Cambridge University Press, Cambridge. 
635. Stressman, P.A., Wells, J. (1998). The global construction industry. 
London: Unwin Hyman. 
636. Swan, J.E. and Combs, L.J. (1976). "Product performance and consumer 
satisfaction: A new concept".], of Marketing, 40(April), 25-33. 
637. Syal, M.G., Grobler, F., Willenbrock, J.H. aznd Parfitti, M.K. (1992). 
"Construction project planning process model for small-medium builders". 
J. Constr. Engrg. and Mgmt., ASCE, 118(4), 651-666. 
638. Syswerda, G. and Palmucci, J. (1991). "The application of genetic 
algorithms to resource scheduling". Proc, 4* Int. Conf On Genetic 
Algorithms, R.K. Belew and L.B. Booker, eds., Morgan Kaufman, San 
Mateo, Calif, 502-508. 
639. Taher, K. and Sharad, D. (1998). "Relevance of new management 
concepts to PCM". International Journal of Project Management, 16(5), 
293-298. 
640. Talbot, F.B. (1982). "Resource constrained project scheduling with time 
resource trade offs: The non-preemptive case", Mgmt. Sci., 28, 1197-1210. 
641. Tam, P.W.M. (1999). "The use of enhanced positional weight method for 
constrained resources project scheduling". Can. J. Civ. Engrg., Ottawa, 
26(2), 242-247. 
642. Tassios, T. Structure and function of the construction industry with 
emphasis on the developing countries. First Consultation on the 
Construction Industry, Tunis, 3-7 May, UNIDO, Vienna. 
643. Tatum, C.B. (1984). "What prompts construction innovation"? J. Constr. 
Engrg. and Mgmt., ASCE, 110(3), 11-323. 
644. Tatum, C.B. (1988a). "Technology and competitive advantage in civil 
engineering". J. Prof Issues in Engrg., ASCE, 114(3), 256-264. 
645. Tatum, C.B. (1988b). "Winning with advanced construction technology". 
Impact of international competitiveness on construction technology. Proc, 
ASCE Nat. Convention, C.B. Tatum, ed., ASCE, New York, 14-23. 
646. Tatum, D.J. (1989). "Organizing to increase innovation in construction 
firms". J. Constr. Engrg. and Mgmt., ASCE, 115(4), 602-617. 
330 
647. Tener, R.K. (1996). "Industry-university partnerships for construction 
engineering education". J. Profl. Issues in Engrg. Educ. And Pract., ASCE 
122(4), 156-162. 
648. Tersine, R.J. (1994). Principles of inventory and materials management, 
Prentice-Hall, USA. 
649. Thamhain, H.J. ((1991). "Developing project management skills". Project 
management journal, 12(3), 39-44. 
650. The Business Roundtable (BRT). (1983). Construction industry cost 
effectiveness study, summer report, New York. 
651. The Business Roundtable (BRT). (1997). Confronting the skilled 
construction workforce shortage, Washington, D.C. 
652. The Construction Industry Institute (CIl) (1988). Concepts and methods of 
schedule compression. 
653. The Construction Industry Institute (CII) (1995). Schedule reduction 
Construction Industry Institute. University of Texas at Austin, Austin, Tex. 
654. The Encyclopedia of Social Science. (1930). Vol.IX, Mac Millan, 
655. The Universal Decimal Classification (UDC) (1973). Korea Scientific & 
Technol. Information Ctr., Seoul, Korea. 
656. Thomas, H. and Napolitan,C. (1995). "Quantitative effects of construction 
changes on labor productivity". J.Constr. Engrg. and Mgmt., ASCE, 
121(3). 
657. Thomas, H., and Napolitan, C. (1994). The effects of changes on labor 
productivity: Why and how much. Construction Industry Inst. University 
of Texas, Austin, Tex. 
658. Thomas, H.R. (1991). "Labor productivity and work sampling: The bottom 
line". J. Constr. Engrg. and Mgmt., ASCE, 117(3), 423-444. 
659. Thomas, H.R. and Daily, J. (1983). "Crew performance measurement via 
activity sampling". J. Constr. Engrg. and Mgmt., ASCE, 109(3), 309-320. 
660. Thomas, H.R. and Raynar, K.A. (1997). "Scheduled overtime and labor 
productivity: quantitative analysis". J. Constr. Engrg. and Mgmt., ASCE, 
123(2), 181-188. 
661. Thomas, H.R. and Zavrski, I. (1998). "The theoretical foundation for 
international labor productivity comparisons". Rep. to the International 
331 
Council for Building Research Studies and Documentation, Rotterdam, 
The Netherlands. 
662. Thomas, H.R. et al. (1990). "Modeling construction labor productivity". J. 
Constr. Eng. Manage., 116(4), 705-726. 
663. Thomas, H.R., Maloney, W.F., Smith, G.R., Sanders, S.R., Horner, 
R.M.W. and Handa, V.K. (1990). "Productivity models for construction". 
J.Constr. Engrg. and Mgmt., ASCE, 116(4), 705-726. 
664. Thomas, R.H. and Kramer, D.K. (1988). The manual of construction 
prdouctivity measurement and performance evaluation. Construction 
Industry Institute, Pennsylvania State Univ., University Park, Pa. 
665. Thomas, R.H. and Mathews, C.T. (1986). An analysis of the methods for 
measuring construction productivity, Construction Industry Institute, 
Pennsylvania State Univ., University Park, Pa. 
666. Thomas, R.H., and Kramer, D. (1988). The manual of construction 
productivity measurement and performance evaluation. Construction 
Industry Institute, Pennsylvania State Univ., University Park, Pa. 
667. Thompson, P. and Brooks, K. (1997). "A creative approach to strategic 
planning", CM A Mag 71(6), 20-22. 
668. Thompson, P.A. and Perry, J.G. (1992). Engineering Construction Risks, 
a Guide to Project Risk Analysis and Risk Management, Thomas Telford, 
London. 
669. Thornberry, N.E. (1987). "Training the engineers as project manager". 
Training and development journal, 10(4), 60-62. 
670. Tiong, L.K.R. (1995). "Impact of financial package versus technical 
solution in a EOT tender". J. Constr. Engrg. and Mgmt., ASCE, 121(3), 
304-311. 
671. Todryk, L. (1990). "The project manager as a team builder: Creating an 
effective team". Project management journal, 16(4), 17-21. 
672. Tommelein, I.D. and Li, A.E.Y. (1999). "Just-in-time concrete delivery: 
Mapping alternatives for vertical supply chain integration". Proc. 7"^  Annu. 
Conf. of Int. Group for Lean Constr., Berkeley, Calif., I.D. Tommelein and 
G. Ballard, eds., 97-108. 
673. Tommelein, I.D., Levitt, R.E. Hayes-Roth, B. and Confrey, T. (1991). 
"Sightplan experiments: alternate strategies for site layout design". J. 
Comput. Civ. Eng., 5(1), 42-63. 
332 
674. Torbica, Z.M. (1997). "Total qualiw management (TQM) and customer 
satisfaction in home building". Ph.d. dissertation, University of Florida, 
Gainesville, Fla. 
675. Touran, A. and Wiser, E.P. (1992). "Monte Carlo technique with 
correlated random variables". J. Constr. Eng. Manage., 118(2), 258-272. 
676. Trauner, T.J. (1990). Construction delays. R.S. Means, Kingston, M. 
677. Trost, S.M. and Oberlender, G.D. (1999). "Estimate score program (ESP) 
guide". Implementation Resource 131-3, Construction Industry Institute. 
678. Trost, S.M., et al. (1998). "Estimate score program (ESP) user's guide". 
Implementation Resource 131-3, Construction Industry Institute, Austin, 
Texas. 
679. Tucker, R.L. (1986). "Management of construction productivity". Mgmt. 
in Engrg., ASCE, 2(3), 148-156. 
680. Tucker, R.L. (1990). "The big 'Q'." Constr. Specifier, May, 151-152. 
681. Tucker, R.L. (1997). Re-engineering the project delivery process. In: 
Preceedings of the First International Conference on Construction Industry 
Development: Building the Future Together, Vol. 1, 5-11 December, 
Singapore, 63-8. 
682. Turner, J.R (1999). The handbook of project based management, 2"*^  ed. 
London: McGraw Hill. 
683. Turner, J.R. (1993). The handbook of project based management. London: 
McGraw Hill. 
684. Turner, J.R. (1999). The Handbook of Project-based Management. 3"* ed. 
London: McGraw Hill. 
685. Turner, J.R., Keegan, A.E. (2001). Mechanisms of governance in the 
project-based organization: a transaction cost perspective. European 
Management Journal, 19(3), 254-67. 
686. Turner, J.R., Simister, S.J., Lock, D. (2000). The Gower handbook of 
project management, 3^** ed. Aldershot: Gower, In Press. 
687. Turner, T. (1990). What are projects and project management [Henley 
Working Paper 9002]. Henley-on Thames: Henley Management College. 
688. Twort, A.C. and Rees, J.G. (1995). Civil engineering supervision and 
management, 3'^ '' Ed., Arnold, London. 
689. Tzu, S. (1981). The art of war. London: Hodder & Stoughton, 40. 
333 
690. U.S. Department of Labor (U.S. DOL) (1988). "Distribution of injuries 
and illness by length of service". 
691. Uff, J. (1991). The ICE Conditions of Contract, 6"" ed. New Thoughts on 
Old Issues. The International Construction Law Review, Volume 8, Part 2, 
April, Lloyd's of London Press London. 
692. Uher, T.E. (1996). "A probabilistic cost estimating model". Cost Engrg. 
38(4). 
693. Ulrich, D. (1987). "Organizational capability as a competitive advantage: 
Human resource professionals as strategic partners". Human resource 
planning, 10(4), 169-184. 
694. United Nations (UN) Committee on Housing, Building and Planning 
(1965). "Effect of repetition on building operations and process on site". 
ST/ECE/HOU/14, New York. 
695. United Nations Centre for Human Settlements. (1996). An urbanising 
world, global report on human settlements - 1996, UK: Oxford University 
Press. 
696. Vargas, L.G. (1990). An overview of the analytic hierarchy process and its 
application. European Journal of Operational Research, 48, 2-8. 
697. Villalobos, J. (1997). "Implementation of multiskilling strategies in the 
construction industry". MS thesis, University of Texas at Austin, Austin, 
Tex. 
698. Vlatas, D.A. (1986). "Owner and contractor review to reduce claims"., J. 
Constr. Engrg. and Mgmt., ASCE, 112(1), 104-111. 
699. Vorester, M.C., Beliveau, Y.J. and Bafna, T. (1992). "Linear scheduling 
and visualization". Transp. Res. Rec. 1351, Transportation Research 
Board, Washingdon, D.C., 32-39. 
700. Voropajev V.I., Ljubkin, S.M. Golenko-Ginzburg D. (1997). A model 
approach in reducing uncertainty and risk in project management. 
Professional Magazine of PM Association Finland, 3(1), 40-3. 
701. Vorster, M. (1993). "Dispute prevention and resolution". Source 
Document 95, Construction Industry Institute, Austin, Tex. 
702. Vorster, M.C. and Bafna, T. (1992). "Discussion of 'Formal development 
of line-of-balance technique', by Z.M. Al Sarraj". J. Constr. Eng. Manage., 
118(1), 210-211. 
334 
703. Walker, D.H.T. (1994). An investigation into the Factors that Determine 
Building Construction Time Performance. Ph.D. Thesis, Department of 
Building and Construction Economics, Faculty of Environmental Design 
and Construction, Royal Melbourne Institute of Technology, Melbourne, 
Australia. 
704. Warren, R.H. (1989). Motivation and productivity in the construction 
industry. Van Nostrand Reinhold, New York. 
705. Warszawski, A. and Peled, N. (1987). "An expert system for crane 
selection and location". Proc, 4* Int. Symp. On Robotics and Artificial 
Intelligence in Building Construction, Israel Institute of Technology and 
Building Research Station-Technion I.I.T., Haifa, Israel, Vol. 1, 64-75. 
706. Webb, A. (1994). "Risk analysis for business decisions, Part 2". Engrg. 
Mgmt. J., 4(5). 
707. Webb, A. (1994). "Risk analysis for business decisions, Part I". Engrg. 
Mgmt. J., 4(4). 
708. Weber, M. (1997). Theory of social and economic organisation. New 
York: Free Press, 324-28. 
709. Wells, J. (1993). Appropriate building technologies: an appraisal based on 
case studies of building projects in Senegal and Kenya. Construction 
Management and Economics, 11, 203-16. 
710. Widman, L.E., and Loparo, K.A. (1989). "Artificial intelligence, 
simulation and modeling: A critical survey". Artificial intelligence, 
simulation and modeling, L.E. Widman, K.A. Loparo, and N.R. Nielsen, 
eds., Wiley, New York, 1-45. 
711. Wiggins, J.H. (1988). "Construction's critical condition". Civ. Engrg., 
58(10), 72-73. 
712. Williams, T. (1996). The two-dimensionality of project risk. International 
Journal of Project Management, 14(3), 185-186. 
713. Williams, T.M. (1999). The need for new paradigms for complex projects. 
International Journal of Project Management, 17(5), 269-73. 
714. Williams, T.M. (1999). Towards realism in network simulation. Omega, 
27(3), 305-14. 
715. Williams, T.M. (2000). Systemic project risk management - the way 
ahead. International Journal of Risk Assessment and Management, 1(1), 
49-50. 
335 
716. Williams, T.M. (2000). The risk of safety regulation changes in transport 
development projects. International Journal of Project Management, 18, 
23-31. 
717. Williamson, O. (1979). "Transaction cost economics: The 
governance of contractual relations". The J. Law and 
Economics, 22 (October). 
718. Williamson,R.M. (1994). Developing a multi-skill maintenance workforce. 
Strategic Work Systems, MillSpring, N.C. 
719. Wilson, J.M. (1997). "A genetic algorithm for the generalized assignment 
problem". J. Oper. Res. Soc, 48(8), 804-809. 
720. Womack, J.P., Jones, D.T. and Ross, d. (1991). The machine that changes 
the world: The story of lean production, l" Ed., Harper, New York. 
721. Woodworth, B.M., Sharanahan, S. (1998). Identifying the critical sequence 
in a resource-constrained project. International Journal of Project 
Management, 6(2), 89-96. 
722. World Bank. (1984). The construction industry, issues and strategies in 
developing countries. Washington, DC: The World Bank. 
723. Woznick, T.M. (1993). Significance vs. capability: 'Fit for use' project 
controls. American Association of Cost Engineers International (Trans) 
(Conferrence proceedings) Dearborn. Michigan. A2.1-8. 
724. Wright, J.N. (1997). Time and budget: the twin imperatives of a project 
sponsor. International Journal of Project Management, 15(3), 181-186. 
725. Wright, P.A. and Hill, T.V. (1986). "Cost estimating - Dealing with 
uncertainty". Transactions of the American Association of Cost Engineers, 
E.5.1-E.5.7. 
726. Wright, R.H. (1991). "Competing in for construction". Cosntr. Business 
Rev., May/June, 37-39. 
727. Yeh, I.C. (1995). "Construction-site layout using annealed neural 
network". J. Comput. Civ. Eng., 9(3), 201-208. 
728. Yeo, K.T. (1990). "Risks, classification of estimates and continuous 
management". Journal of Management in Engineers, 6(4), 458-70. 
729. Yogeswan, Waran K., Kumaraswamy, M.M., Miller, D R A (1998). 
Claims for extension of time in civil engineering projects. Construction 
Management and Economics, 16, 283-93. 
336 
730. Zack, J.G. (1997). "Claim prevention: Offence versus defense". Constr. 
Engrg., 39(7), 23-28. 
731. Zack, J.G., Jr. (1993). "Claimsmanship". Current perspective Constr. 
Engrg. and Mgmt., ASCE, 119(3), 480-497. 
732. Zouein, P.P. (1995). "Move Schedule: A tool for managing space on 
construction projects". Ph.D. dissertation. University of Michigan, Ann 
Arbor, Mich. 
733. Zouein, P.P. and Tommelein, l.D. (1999). "Dynamic layout planning using 
a hybrid incremental solution method". J. Constr. Eng. Manage., 125(6), 
400-408. 
